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PREFACE. 



THIS edition is intended for teachers, and fw them only. The 
pablishers will under no circumstances sell the book except to 
teachers of Wentworth's Trigonometry ; and every teacher must con- 
sider himself in honor bound not to leave his copy where pupils can 
have access to it, and not t9 sell his copy except to the publishers, 
Messrs. Ginn Sl Company. 

It is hoped that young teachers will derive great advantage from 
studying the systematic arrangement of the work, and that all teach- 
ers who are pressed for time will find great relief by not being 
obliged to work out every problem in the Trigonometry and Sur- 
veying. 

a A. WENTWORTH. 
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Exercise I. Page 5. 



1. What are the functions of the 
other acute angle B of the triangle 
^^CCFig. 2)? 



sin 5 = -» 
e 

tanB = -, 
a 

8ec5= -, 
a 



COS 5 = -I 



C0t5-?. 



cscB 



e 

— < 

b 



2. Prove that if two angles, A 
and By are complements of each 
other (i.e., if ^ + -B = 90<»), then 

sin A « cos B, cos -4 « sin B, 



tan J. = cot 5, 
sec 4 = CSC B, 

sm il « -I 



c 
tanil = ^i 

cot A = -i 
a 

sec -4. = T« 



CSC il= — 

a 



cot 4 = tan B, 
C8C A — aec B. 

cosB=-i 



r> & 

Bin B = -I 
c 

cotB-?, 



tanB--, 
a 

cscB-T. 



secB--. 
a 



3. Find the values of the func- 
tions of A, if a, 6, c respectively 
have the following values : 

(i.) 3, 4, 5, (iv.) 9, 40, 41. 

(ii.) 5, 12, 13. (v.) 3.9, 8, 8.9. 

(iii,) 8, 15, 17. (vi.) 1.19, 1.20, 1,6% 



(i.) sin A 
cobA 
tan 4 

COtil^ 

9&oA ■■ 
cacA 



(iii.) sin A 
coaA 
tauii 
cotii 
secil 
esc J. 



(v.) sin A 
tanii^ 

sec A ■■ 



3 

4 

^» 

5 

3 

• —• 

4 

4 
— » 

3 
5 
4 
5 
3* 

8 

T/ 

15 

r?' 

8 
15* 

15 
8 

17 
15' 

17 
8 

39 
'89' 

39 
80' 

89 
80* 






(ii.) sin A 
cos J. 
tanil 
cotil 
sec J. 

CSCii 



(iv.) sin A 
cobA 
tauii 
ootii 
secii 
esc J. 



cos4 

COtil 

CSC A' 



6 

i? 

12 

13' 

5 

I? 

12 

"5" 

13 

12' 

13 

5 

9 

41' 
40 

ri' 

'40' 

40 
"9' 

41 
'40' 

41 
9 

80 
89' 

80 
39' 

89 
39* 
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(vi.) sin A ■• 
tan J. 
sec^ 



119 
169 

119 
120* 

169 
120* 



COB A 

cot^ 
csc^ 



120 
169* 

120 
119 

169 
119* 



4. What condition must be ful- 
filled by the lengths of the three 
lines a, 6, c (Fig. 2) in order to 
make Uiem the sides of a right tri- 
angle? Is this condition fulfilled 
in Example 3 ? 

5. Find the values of the func- 
tions of A, if a, 6, c respectively 
have the following values : 

(i.) 2mn, 7r? — v?, wi'-j-n*. 



(ii.) 



2«y 



x^y, 



a^ -l-y' 



x-y x—y 

(iii.) pqr, qn, rsp. 

pq sq ps 



sin A 
cos A 
tauii 
cot A 

» 



0) 

a 2mn 



(ii.) 



sin ^« 

C08il« 

tanil = 
cot -4 = 
sec A=^ 

CSC ii» 



x-y 


»* + y' 


2xy 


(st+y) X 


x» + y« 


x» + y*' 


x-y 


1 
x-vy 


2xy 


2xy 


{x + y): 


2xi/ • 


1 X 

x + y 


x-y 




x-y^ 


^ + y% 


^«» + V» 



2a^ x — y 2xy 



(iii-) 



sin il 
tan^ 
sec A 



rsp 7 

pqr p 



cot A a» — -- « -I 
pqr p 



rsp p 
— » 

2 



5^8 



CSC il 



rep « 



(iv.) 



c m' -I- n* 



m' — n' 



a 2mn 



C8C ^ « - = 



6 m' — n' 

6 m* — n* 
a 2mn 

e _ m* + n* 
b rnf — n* 



2mn 



. mn »« 

sinil = — X^^ 

pq nr 


ms 


COS il «= — X "^- 
sgr nr 


mpt; 
nqr 


. n Bq 

tan -4 « — X -^ 

pq mv 


ns 
~'pv 


pq mv 
cot il -= -^^ X — 




. sq nr 

flee il = -^ X — 

mv ps 


nqr 
mpv 


^ pq nr 

«8C i^ =- ^-i- X — 

mn ps 


_ qr 

ms 
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6. Prove that the values of a, 6, 
c, in (i.) and (ii.), Example 5, satisfy 
the condition necessary to make 
them the sides of a right triangle. 

(i.) 

(2mn)« + (m« - n«)« « (m« + n«)«, 

4mVi' + m* — 2m*n' + n* 

— m* + 2m*n* + n*, 

m* + 2m*n' + n*« to* + 2TO*n* + n*. 

a5»-2a5y + y* 

_ a^-l-2gV-fy* ^ 

js* + 2 »y + y* = a* + 2 a»y« + y*. 

7. What equations of condition 
must he satisfied by the. values of 
a, 6, c, in (iii.) and (iv.), Example 5, 
in order that the values may repre- 
sent tlhe sides of a right triangle. 

(iii.) 
or |)V + g*«* =!>*«". 



Thrfir 



+ 



(iv.) 



or TO*»V + TO^p V - «^*f*. 

8. Compute the functions of A 
and 5 when <» «= 24, 6 = 143. 



c « V(24)« + (143)» 



= V2I025 
«145. 



sin J. 
cos J. 
tan^ 

COtil' 

sec A 

CSCil 



24 

145 

143 

146 

2^ 

143 

143 

24 

145 

143 

146 

24 



coe£, 
sin^, 
cot^, 
tan^, 

BecB. 



9. Compute the functions of A 
and B when a - 0.264, e » 0.265. 

- 0.070225 - 0.069696 

- 0.000529. 

.'. b - 0.023. 

^ a 264 s 

Bin -4. - - = -^ = cos .B, 

c 265 

cos il »= - — — — = sin n, 
c 265 

tan^-|-^-cot5, 

cot^---;^«tan5. 
a 264 



sec 


A = 


e 

! ^ S 

6 


265 
23 


CSC 

m 


5. 


CSC 


A^ 


1 — s 


265 


sec 


B. 



a 264 

10. Compute the functions of ^ 
and B when b = 9.5, c - 19.3. 

a*^(^-b* 

= 372.49 - 90.25 
= 282.24. 
.-.a =16.8. 

ain^=^=?^ = coBi?, 
c 193 
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cos ^ = - 
c 



a 
sec il — I 



CSC il =» - 

a 



95 

193 

168 

9£ 

95^ 

168 

193 

95 

m 

168 



sin B, 
> cot jS, 
tan^, 
CSC Bt 
sec B, 



11. Compute the fanctions of ^ 
and B when 

a« + 6« = c«, 
p» + 2^^ + 5r« = c>. 
,'. p + q='e. 

-d = - = — tl i- =;« COS 5, 



sm 

. ft V2oa 
cos -4. = - = — ^-3 =81 

cot^»-^ = .^i.^tan5, 



sin B^ 
cot 5, 



C08^-^-:^X±^ = Bin5. 

C p + J 



CSC 5, 



Bec4 = - = £-±^ 

C80 4 = - = f ^ =T= sec B. 

1/3. Compute tbe functions of ii 
and B when 






sin 



cos^, 



tan ^ = ?-:!^^- cot U. 

cot>l = 5=:!^^.tan5. 

* Vp'* +pgp 

B^4«^«-|il=-CSc5, 

* V g* + pgr 

CSC -4 =» - « f^^ « sec 5. 
« Vp^-j-pq 

13. Compute the functions of A 
and ^ when 

6 = 2Vpq, c ^p + q, 
a* + 4|)j =;>' + 2pj + gi*, 

sin il«? =^ZL2 = cos B, 
c p + q 

c p + q • 

tauil -^ =£-Ill = cot A 
£> 2yp^ 

cot4 = * = ?^ = tan5. 
a i>-g' 

sec -4 = ^ = £, ■_! = CSC B, 
^ ^^pq 



A ^ P + 9 

CSC -d — - ='- — - 
a p-q 



sec B. 



14. Compute the functions of A 
when a»26. 

a = 25, 
a' + 6» = c«, 

46» + 6« = c', 
56« = c», 

c = 6\/5. 
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sm -4. = - = 

coe A 

tan J. 
cot J. 
sec A 

C8C A 



a J^ 

b 6_ 

€ 6^5 

6 b 
b^l 
a 2 

c b^/b 
5 



-}V5« 0.89443, 



-2. 



b 

c^by/b 
a 



25 



VS. 
}V5. 



15. Compate the fanctions of A 
■when a«fc. 

c=^ia, 

Z 

Bin il = - = —- = -I 
c }(» 3 



C08.4 = - 

e 



5 2 



ia 



-iV6. 



a 2 



sec il— f =.- t° . = iv^, 

^ e 3 
CSC ^ » - » — 

a 2 



16. Compute the fanetions of A 

when a-\-b^\c, 

a + 6-fc, 
a* + 6* + 2a&-f{0', 

a«-2a6+6«-Ac". 

a + 6 - f «, 

4 
6-fo-|V7. 

2a^}e+fv7, 
4 

«-t« + |vY. 



Bin ii — - — 

6 



8 6+V7 

c.-5£-. 

5+V7 

» 6+ >/7 



8a 



8 



6 + V7 



COB il = - = 
C 



8 



5-\/7 



, . a 5 + V7 

a 5 +-^7 

8 
b 5-V7* 

c 8 



sec J. = I =* 
b 

CSC il = - = 



a 5+^ 



6 
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17. 

when 



Compute the fanctions of ^ 



a-ft-1 



o«-2o6 + 6« = -^ 

16 

a« + 6* = c» 



2ah 



_15c» 
16 



31^ 
16 



4 
4 



2a = ^V3i + i. 
4 4 

^a»|(V3i + l). 

4 4 

.-. 6 = |(V3T-1). 



sin J. =: - = 



a 



|(V31 + 1) 



COS^ 

tan^ 



h 
c 

a 
h 



cot^ = ^ = 



h 
a 



sec ^ = T- = 



c 
|(V31- 


1) 


c 

^31 + 1 




Vsl-i 
V3i-i 




\/3l + l 
8 





>/31 + l 
8 ' 

\/31-l 
8 ' 



CSC il=»-a- 



8 



« V3i + i 



18. Find a if sin ^ 
- 20.6. 

sin^-^ = 5, 

c 5 



sr I and 



a 



3 

20.5 " 5* 



a 



\/3i-l 



5a « 61.5, 
a - 12.3. 

19. Find h if co8il = 
= 3.5. 

- « 0.44, 

.-. 6 = 1.54. 

20. Find a if tan ^ 

5 2y«^ 3 
. lla_ll 

a = 9. 

21. Find h if cot ^ 
= 17. 

h h__. 

5'l7" 
.-. 6 = 68. 

22. Find c if sec J. 
= 20. 

5~20^^- 
.*. c = 40. 



0.44 and 



= V^ and 



4 and 



2 and 
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23. Find c if esc ^^ 6.45 and 
a = 35.6 

C8C-4---/--6.45. 
a 35.6 

/. c = 229.62. 

24. Construct a right triangle; 
given c » 6, tan.^ » f . 

tan.i.»-^* 

/. a » 3 and 5 » 2. 

Draw il5 = 2, and ^C ± to -4-B 
= 3; join Cand A, 

Prolong -4(7 to i), making AD - 6. 

Draw DE 1. to -45 produced. 

Bt. A ADE will be similar to rt. 
^ACB. 

.*. ADE is the rt. A required. 

25. Construct a right triangle; 
given o«3.5, co8il=-}. 

Construct A A^B^CT so that 6^-1, 
c^= 2. Then cos -4 = }. 

Construct A .45(7 similar to 
A'B'Cy, and having o - 3.5. 

26. Construct a right triangle; 
given 6 = 2, sin il = 0.6. 

Construct rt. A A'B'C^^ making 
a'= 6, and c = 10. 

Then sin -4^= 3%. 

Construct A ^5(7 similar to 
A^B^Cy, and having J = 2. 

27. Construct a right triangle; 
given 6 = 4, esc ^ = 4. 

Construct rt. A A'B'Cy, having 
c^= 4 and 0^= 1. 

Then construct A ^5(7 similar to 
A A^B^Cy, and having 6 =* 4. 



28. In a right triangle, c — 2.5 
miles, sin A — 0.6, cos .4 — 0.8 ; com- 
pute the legs. 



. . a 
Bin .4 = — 
c 

.'. ai-esinA 
.'. a — 1.6. 



C08.4 — — 

c 
.*• & — c cos ii. 
.-. 6-2. 



90. 

the 
C-1; 



Sin 



Find, by means of the table, 
of a right triangle if ii= 20^, 
alBo.if^ = 20»,e-4. 

^-20», c-1. 



^=?. 



cofl.4 — — 



e sin il. .*. 6 — e coe iL 

0.342, .-. 6-0.940. 

^-2a», c = 4. 
4x0.342 .-. 6 = 4x0.940 
1.368. - 3.760. 



31. In a right triangle, given 
a = 3 and c = 5 ; find the hypote- 
nuse of a similar triangle in which 
a = 240,000 miles. 

a\t\'. 240,000 : a?, 
3:5:: 240,000 : x, 
.-. a? « 400,000. 

32. By dividing the length of a 
vertical rod by the length of its 
horizontal shadow, the tangent of 
the angle of elevation of the sun at 
the time of observation was found 
to be 0,82. How high is a tower, 
if the length of its horizontal shadow 
at the same time is 174.3 yards ? 

tan^ = f = 0.82. 


:, = 0.826. 

6 = 174.3 yards. 

.-. a = 0.82 of 174.3 yards 

= 142.926. 
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ExEBCIsAl 

1. Represent by lines the func- 
tions of a larger angle than that 
shown in Fig. 3. 

■ff 




Fig. 1. 



^-^- 



2. Show that sin a; is less than 
tana;. 





\ 



3. Show that sec x is greater than 
/' tan X, 
^ ^^''^=se9,''^«taii. 




Jtt-rt.'AO^, Hyp 
.'. sec > tan. 




4. Show the^«sc a; is greater than 

cot X. ^^m^ 

0^=cst5:' 5^= cot. 
'^ A W^, Hyp. Ot> side Bf. 



-5.' "Constract the angle x if tan x 




/ Let Qyifi\.M be a unit circle, with 
centre 0; then construct AT tan- 
gent to the circle at .^ » 3 OA ; 
then AOT'v^ required angle. 



Page 8. 

Construc/the angle yb if esc s 

etO .^^^be a unitf^circle, with 
re 0; construct -B|^ tangent to 
th\ Vircle at 5 =• 2 OA ; connect 
Oi\ {Sen AOi'xik required angle. 

7. Cons^ct the angle x if oos a; 

Take OJf = } radius OA, At M 
erect a ± to meet the circumference 
at P. Draw OP, 

Then is POAf the angle required. 

8. Construct the angle x if sin a; 
= cos X, 

Let PJf — sin x and OM^ cos x. 
But, by hypothesis, Pif = OU, 
.*. by Geometry, x = 45®. 
Hence, oonstrtict an £. 45*. 

9. Construct the angle x if sins 
= 2 cos X. 

Construct rt. Z Pi/0, making 
Pif=203f. Draw OP. 
Then FOM is the angle required. 

10. Construct the angle x if 
4 sin 2 = tan x. 

Take \ of radius OA to M. At 
if erect a ± to meet the circumfer- 
ence at P. Draw OP. 

Then POM is the required angle. 

11. Show that the sine of an 
angle is equal to one-half the chord 
of twice the angle. 

Have given Z POA. 

Construct POP =- 2 POA. Draw 
chord PB. Then it is ± to 0A\ 
and PM^ its half, is the sine of POA 

.'. sin a; » J chord 2x. 



|\ \J Vv ' 
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12. Find x if sins is equal to 
one-half the side of a regular in- 
scribed decagon. 

Let AC he A side of a decagon. 
360° 



Then 



10 



36° or AGO. 



Draw OB bisecting AC, Then 
ZAOC will be bisected, and ^ AOB 
= 18°. 

But the sine of AOB => i AC. 

.-. X or AOB =- 18°. 

13. Given x and y (x-f-y being 
less than 90°) ; construct the value 
of sin (x-\-y)— sin x. 

Let AB = Bin (x + y) in a circle 
whose centre is 0, and CD = sin x. 

Then, with a radius equal to CD, 
describe an arc from B, as centre, 
cutting AB at H. 

Then UA will be the constructed 
value of sin (x + y) — sin x. 

14. Given x and y (x+y being 
less than 90°) ; construct the value 
of tan (x -f- y) — sin (x + y) + tan x 
— sin X. 

Let AB = sin (x + y), 

and CD = sin x ; 

also UF =- tan (x + y)» 

and (7^»tanx. 

From F with a radius = AB take 

From ^with a radius = OF add 
HI. 

From J with a radius — CD take 
JJT. 

Then EK will be the constructed 
value of tan (x + y) — sin (x + y) + 
tan X — sin x. 

15. Given an angle x ; construct 
an angle y such that siny = 26inx. 



Let AB be the sine of the Z sr in 
a circle whose centre is O. 

Draw AC perpendicular to the 
vertical diameter. 

Then CO =- AB. 

Take CF on vertical diameter 
= CO. Draw FD perpendicular to 
vertical diameter, and meeting cir« 
cumference at D. 

Draw DE perpendicular to OB 
and draw OD. 

OF^ 2 CO by construction. 

ED^ FO] FO being the projec- 
tion of the radios OD. 

.-. DE''2AB, and DOB - angle 
required. 

16. Given an angle x ; construct 
an angle y such that cosy » } coi «. 

Let OB - cos AOB. 

Erect a J. CD at C, the middle 
point of OB^ and meeting the cir- 
cumference at D. Draw DO. 

Then DOB is the angle required. 

17. Given an angle x ; construct 
an angle y such that tan y « 3 tan x. 

Let AB be the tangent of x. 

Prolong AB to C, making AC^ 
3 AB, and draw 0(7 from O, the 
centre of the circle. 

COA is the required angle. 

18. Given an angle x ; construct 
an angle y such that sec y =» esc x. 

Since sec — esc, 
c _c 

.'. o = 6. 

Hence, construct an isosceles right 
triangle. 

The required angle will be 45°. 
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19. Show by construction that 
2 Bin A > sin 2 A. 

Construct Z BOC and /. COA 
each equal to the given Z A. 

Then AB^2 sin A, and AD, the 
± let fall from ^ to 0^, = sin 2 A. 
But -45 > AD. 

Hence 2 sin J. > sin 2 A, 

20. Given two angles A and B 
{A-\- B being less than 90°), show 
that sin (A + 5) < sin A + sin B. 

Construct HOK^ /, A, and COS 

Then sin (^ + 5) = CP, sin -4 = 
RK, sin 5 = CD. 

Now CP<CD^^ DE, 
and £!£'> i)^. 

.-. CF<CD + ffK 



/. sin ( J. + P) < sin il + sin 5. 

21. Given sin a; in a unit circle ; 
find the length of a line correspond- 
ing in position to sin x in a circle 
whose radius is r. 

1 : r : : sin a; : required line. 

.'. length of line required » r sin x. 



22. In a right triangle, givn the 
hypotenuse c, and also sin A^m, 
cos ^ => n ; find the legs. 

Sin il = - =" m. 
c 

. h 
COB J. «= - = n. 
c 

,'. h » en. 



Exercise III. Page 11. 



1. Express the following func- 
tions as functions of the comple- 
mentary angle : 

sin ZQP, esc 18? 10^. 

cos 46*». cos 37** 24'. 

tan 89°. cot 82° 19^ 

cot 15°. CSC 64° 46'. 

sin 30° = COS (90° - 30°) = cos 60°. 
COS 45° = sin (90° -45°) = sin 45°. 
tan 89° = cot (90° -89°) = cot 1°. 
cot 15° = tan (90° - 15°) = tan 75°. 
CSC 18° 10'= sec (90° - 18° 10') 
= sec 71° 50'. 

COS 37° 24'= sin (90° - 37° 24') 
« sin 52° 36'. 

cot 82° 19'= tan (90° - 82° 19') 

= tan 7° 41'. 
CSC 54° 46'= sec (90° - 54° 46') 

«= sec 35° 14'. 



2. Express the following func- 
tions as functions of an angle less 
than 45° : 



sin 60°. 


080 69° 2'. 


cos 75°. 


COS 85° 39'. 


tan 57°. 


cot 89° 59'. 


cot 84°. 


CSC 45° 1'. 



sin 60° = cos (90° - 60°) = cos 30°. 
COS 75° - sin (90° - 75°) = sin 15°. 
tan 5r = cot (90° - bT) = cot 33^. 
cot 84° = tan (90° - 84°) = tan 6° 

esc 69° 2' =- sec (90° - 69° 2') 

- sec 20° 58'. 

cos 85° 39'= sin (90° - 85° 39') 

- sin 4° 21'. 

cot 89° 59'- tan (90° - 89° 59') 
= tanO°l'. 

CSC 45° 1' = sec (90° - 45° 1') 
= sec 44° 59'. 
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3. Given tan 30^ = J VB; find 
cot 60°. 

tan30«-cot(90°-30«) 
- cot 60**. 
.•.cot60<'=-jV3. 

4. Given tan Jl =» cot Jl ; find ^. 

tan ^ = cot (90<» - ^), 
90° - A = A, 
"I 2^ = 90°. 

.-. ^ = 45°. 

Given cos ^ => sin 2 ^ ; find A, 
cos A = sin (90° - A), 
90°- A = 2^ 
3^ = 90°. 
/. A = 30°. 

6. Given sin J. = cos 2 ii ; find A. 

i^ sin A = cos (90° - A\ 
90°- A = 2^ 
3Jl = 90°. 
.-. A = 30°. 



7. Given cos ^ =* sin (45° — } il ; 

find A. 

cobA = sin (90° - A), 

90°- A = 45°-} A, 

180° -2^ = 90° -A 

.-. A = 90°. 



8. Given cot }.^ = tan A ; find A. 

tan ^ = cot (90* - il), 
M-.90°-^, 

^ = 180° -2-4, 
3^-180°. 
.-. -4-60°. 

9. Given tan (45° + -4) = cot -4 ; 
find A. 

cot ^ - tan (90° - -4), 

tan (90° - i!) - tan (45° + A), 

90°-^ = 45°+^. 

2^ = 45°. 

.-. il - 22° 30^. 

10. Find A if sin J. => cos 4 A. 

sin -4 = cos (90° - -4). 
90°-il = 4^. 
5^-90°. 
.-. A = 18°. 

11. Find -4 if cot -4 = tan 8 A 

cot -4 -tan (90°-^), 
8il-90°-il, 
9il-90°. 

.-. A - 10°. 

12. Find A if cot il = tan nA 

cot -4 = tan (90° - il), 
90° - -4 = nA, 

90° = -4(n+l). 

• A^ ^ 
n + 1 



1 i 



Exercise IV. Page 12. 



1. Prove Formulas [1] - [3], using 
for the functions the line values in 
unit circle given in § 3. 



[1]. sinM + co8«^ = 1. 

[2]. tan^=?^. 
cos -4 
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[3]. sin Ax CSC A = 1, 
cos A X8ecJ.= 1, 
tan J. X cot -4 = 1. 




Fig. t. 



[1]. 



but 



DC = Bin A, 
BD = cos A^ 
DC* + Biy=CB*; 

.\ sm^A + cob'J. = 1. 



[2]. DC^ sin A, 

BD = cos a, 
EF=tB.nA. 

^ FBE and BCD are similar. 

/. FE: BE'.: CD: BD. 
FE CD . 



Or. 
but 



BE BD 
BE=1. 
CD 



FE^ 



tan -4 = 



BD 

sin A 
cos -A 



[3]. CD = sin A, 

BH= CSC A. 

In similar ii HGB and CBD, 

BE: OB::BC: CD. 



. BH_BC 
"OB CD' 
but OB - 1, 

BC^-l. 

CD 
BHxCD^l, 
C8C ii X sin J. « 1. 

co8-4 = ^D, 
sec^-^i?'. 
In similar A BFEzjidi BCD, 
BF: BE:: BC: BD, 
BF BC, 

be'' 



but 



BD 
BE^l, 
BC^l. 
1 



/. BF^ 



BD 
BFxBD'^l, 

BQCA X COS -4 = 1. 

tan ^ = EF, 
cot A = Off. 
In similar A OHB and i^^5, 
Gt-ff : OB:: BE: FE, 

OH^BE. 
OB FE' 
but OB = 1. 

OHxFE^l, 
cot -4 X tan -4 = 1. 



2. Prove that 1 + tan'-4 = sec' JL 

tan -4 = -I sec -4 = — 

b e 

o« + 6» = c*. 
Dividing all the terms by 6', 
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fl^ 6f ^ 

Substituting for j- and — their 

values tan'il and secM, we have 
tanM + l = 8ec*il. 

3. Prove that 1 + cotM = cscM. 

cot J. = -» 
a 

CSC il = -. 

a 

Dividing all the terms by a', 
a' a' a* 



Substitating for ^ and ~ their 

a* a* 

values cot*^ and esc' J., we have 
1 + cotM - csc'il. 

4. Prove that cot -4 - ^5L^ 



sin A 



cot A^-t 
a 

A * 

Sin A^-, 
c 

COfl^ — -. 

c 

Substituting. 5.5 +i 
a e c 



.'. cot^* 



cos^ 
sin A 



ExEEcisE V. Page 14. 



1. Find the values of the other 
functions when sin A » |}. 

sinM + cos* J. — 1, 
cos'il « 



COSil 



-(if)' 

-VI 



25 
169 

.". COS A = — 
13 

tan^=«i5 = 12. 
COS 5 



cot il is reciprocal of tan A. 



.'. COtil = — 

12 



sec ^ is reciprocal of cos A. 



.-. sec -4 - 15. 
5 



CSC il is reciprocal of sin A, 

13 
12 



/. CSCil = i?. 



2. Find the values of the other 
functions when sin A = 0.8. 

sinM + cos' J. = 1, 

co6»-4 = 1 - (0.8)«, 

cos -4. = VI- 0.64. 

.-. cos -4 == 0.6. 

tanA = «-iB = 0^. 
cos 0.6 

.-. tan^= 1.3333. 

cotil = 5:§. 
0.8 
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.-. cot -4. = 0.75. 

sec A = — -• 
0.6 

/. sec -4 « 1.6667. 

CSC ^ = — 
0.8 

.'. CSC J. = 1.25. 



3. Find the values of the other 
functions when cos A = JJ. 

sin* + cos* = 1, 

. ^ L 3600 fur _ 11 



sm 



3721 ^3721 61 

. sin 11 

tan = — = TT- 
cos 60 

. 1 60 
cot = — = — - 

tan 11 



sec 



cos 

1 

esc = — - = ■—' 



sin 



61 
60' 

61 
11 



4. Find the values of the other 
functions when cos A = 0.28. 

sin* + cos' = 1. 
sin = VI - (0.28)* = Va92l6. 

- 0.96. 



. sin 0.96 
tan = — = 

cos 0.28 






sec = — = 
cos 



tan 3.4285 

1 J^ 

0.28 

1 



3.4285. 



= 0.29167. 



CSC = — = 

sin 0.96 



= 3.5714. 
« 1.04167. 



5. Find the values of the other 


functions when tan ui =» |. 


i&nA = 


4 
3 


/. cot A = 


3 

s — • 

4 


tanil = 


sin A 

COB A 


4 


sin A 

M » 


3 


VI - sin*^ 



3 sin il = 4Vl —sin* J., 
9 sin*^ = 16-16 sin*il, 
25 sin*^ = 16, 
5 sin J. = 4. 



.sin 


A- 


5 






cos 


A 


sin A 
tauil 


^3 
"5 


sec 


A 


1 
cos 


A 


_5 
3 


CSC 


A 


1 

sin 


A 


_5 
*^4 



6. Find the values of the other 
functions when cot .^ = 1. 

cot -4. = 1. 
.*. tan J. = 1. 

sin A 



tan J.» 



1 = 



cos J. 

sin^ 



Vl — sin* J. 

sin A = Vl — sin* J., 
Bin* A = 1 — sin*.4., 
2sin*^«l. 

sin*il = i. 
2 
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8i^^ = ^ = J>/2. 



COS A 

sec J. 
csc^ 



«J\/2. 



sin A 
UxlA 

1 _ 1 
COB A \y/2 

1 _ 1 
sin A JV2 



y/2. 
v/2. 



7. Find the values of the other 
functions when cot A = 0.6. 

tan^= L_ = _L=2. 

cot A 0.5 



tanil = 



sin A 



cos J. 
2co8 il = sinvl. 

4 cos'J. — sin'il =a (squaripg) 
cosM + 8in'-4 = 1 

5 cos* J. « 1 

cos Jl = -Ji = 0.45. 
'5 

4 cos' J. + 4sinM = 4 
4 co8*-4. — 8in*-4 = 



-aR-a| 

•. sin A = JVS. 

tan-4 — . «2-_.=a ^5 

C08^ 1 ^^• 



cot^ 



tan J. y/% 



\ -iV3. 



C8C.^s> 



sin^ 



fV3. 



9. Find the values of the other 
functions when esc J. « V2. 



in^=— = J\/2, 
\/2 



sin 



sin^ 
sec^ 
csc^ = 



5Bin'-4. = 4 
/I = 0.90. 



'5 
1 



co8^= Vl-(iV2)«=>/rrj 

tan^«i^-l. 
JV2 



cot^ = i«l, 



sec^ 



iV2 



-V2. 



cos ^ 

1 

sin A 



= 2.22. 



= l.H. 



8. Find the values of the other 
functions when sec -4 = 2. 

_1 ^1^ 

sec A 2 



008-4 = 



sm 



^ = VI - cos^il 



10. Find the values of the other 
functions when sin -4 = m. 

cos A = VI — sinM = Vl — m', 



tan J.= 



m 



cot .4 = 



sin A ^ 

cos A Vl-m* 

771 Vl — m' 

1 l-m« 



tan .4 



m 



vr^ 



w 
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sec A 



C8C^ 



cos A Vi - m« 

_1 ^ 1^ 

sin A m 



11. Find the values of the other 



functions when sin A 



2m 
1+m' 



cos J. = VI — sin*. 
.-. COB A « a/i- 4m' ~ 



V 



l~2m* +m* 
l+2m« + m* 

l-m« 
l + m* 



COB 1 — m' 

cot^-J--l^lii 
tan 2m 



sec^ 



CSC^i- 



1 


l-f-m* 


COS 


l-m« 


1 


l-f.m« 



Bin 



2m 



12. Find the values of the other 

2m7i 



functions when cos A « 



m' +n' 



tauil 



cot J.= 



secil 



CSCil 



sm 
cos 

tan 

1 
cos 

1 

sin m 



m^ — n* 



2 


mn 


2 


mn 


m« 


-n« 


m« 


+ n« 


2 


mn 


m« 


+ n« 



«-n« 



13. Given tan 45« - 1 
other functions of 46®. 



find the 



(1) 



sin 45® 
cos 45® 

sin 45® 



« tan 45®. 
-1. 



cos 45® 
(2) sin* + COB* = 1. 
By (1), Bin 45® - cos 45®. 
By (2), COS* 45® + cos* 45® - 1. 
2cos«45®-l, 

COS* 45® -i 
2 

cos 45® - ^ = }\/2. 



sin 45® « } V2. 
cot 45® - ^ 



Bin 



A^Vl^ 



coer 



-v.- 


^mV 


m* + 2m*7i' + n* 


-J'"* 


-2m*n» + n* 



^m* + 2m*n' + n* 

rn^ — n* 
m' + n* 



sec 45® 



CSC 45® 



tan 45® 1 
-V2. 



1-1. 



iV2 



iV2 



= x/2. 



14. Given sin 30® - } ; find the 
other functions of 30®. 

sin' + cos* « 1. 
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cos 30<» = 



tan 30° 
cot 30° 

sec 30° 
CSC 30° 



= V3. 



Jv^ 



1-. 



15. Given esc 60° = J VS; find 
the other functions of 60°. 



Bin = — I 

CSC 



fV3 



sin 60° 

cos 60° = VI - 8in», 
cos 60°= Vl-(}\/3)« 



-vM-i 



4 2 



tan 60° = 



cot 60° = — = J Vs. 
V3 



sinn5° + co8n5° = 1. 
8inl5« = cosl5°(2-\/3). 

[co8(2-.V3)P + cos« = l, 
COS* (4 - 4 V3 + 3) + COS* - 1, 
co8»(8-4V3) = l. 

cos«15° 1 2+>^^ 

4(2 -Vs) 4 

4 
sin* = 1 — COS*. 

Bin«15° = l-2jV3^2-V5 

4 4 

sin 15° = }V2-V3. 



cot 15° 



1 



tan 15° 2 — \/3 
2+V3. 



17. Given cot 22° 30^=V2 + 1; 
find the other functions of 22° 30^. 



tan = — = — t — 
cot V2 + 1 

sin 
cos 

cos* + sin' = 1. 



=V2-1. 



tan, 



(1) 

(2) 



sec 60° 



1 = 2. 



16. Given tan 15° = 2 -VS ; find 
the other functions of 15°. 

cos 15° 



From (1), cos tan = sin. 

Squaring, cos'tan' = sin* 
From (2), cos' = — sin* + 1 
Add, cos'tan* +. cos' = 1 

C08'(tan« + l) = l, 
cos'(4-2\/2) = l. 

cosV4-2\/2 = 1. 
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.*. C06» 



V4-2V2 



J4 + 2V2 
^ 8 



Bin 



}V2+V2. 

Vl 2+V2 
^ 4 

<»/4-2-V2 



18. GiTon sin 0^-0; find the 
other functions of 0^. 



cos = Vl - 8in« = VI -0. 

.'. COB » 1. 

COS 1 
cot = = _ =1 00. 

tan 
BWi^-^ — i=l. 

COB 1 

CSC = = - =r 00, 

sin 

19. Given Bin90°»l; find the 
other functions of 90^. 



0. Given tan 90*» = 


00; 


findtb 


3r functions of 90°. 






tan90»= 00. 






cot 


1 1 

tan 00 


'0. 




sin 


= 00. 






COB 








sin' 


= 00 cos' 






sin' 


+ cos' = 1 








— COS* = OC COS* - 


-1 


00 cos' 


= 1. 






cos 


"VI-0- 






sin 



=«oo. 






sin 


= 1. 






sec 


-I- 







CSC 



1. 





Bin90« 


= 1. 


COB 


-Vl- 


•8in« = 0. 


tan 


sin 
cos 


,1... 


cot 


1 

tan 


.'-0. 

00 


sec' 


1 


1=00. 




cos 






C8C=-i- = l-l. 

sm 1 



21. Express the values of all the 
other fanctions in terms of sin A. 

By formnlfB on pages 11 and 12, 
Bin A -" sin A^ 
cosil= Vl — sin'^, 

tanil- "°^ 



COtil = 

8ecil = 
CSC -4 = 



Vl — sin* A 

y/1 — Bin* A 
sin^ 

1 
— — » 

Vl — sin'il 

1 

sin^ 



22. Express the values of all the 
other functions in terms of cos A. 
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By formulsB on pages 11 and 12, 

sin A = Vl — cos'J., 
cos A — cos A, 

Vl — co8^-4 



tan^ = 
cot^ = 

sec J.= 
cscJ. = 



cos^ 
COS A 



Vl — cosM 
1 



cos^ 



Vl — cos'^-A 



23. Express the values of all the 
other functions in terms of tan A. 

cot A = 



tan^ 



? = tanA 



o' + 6« = l. 
a — 5 tan A. 
a» = 6« tanM. 

a«-62ta.nU =0 

o« -H y =1 

&» (1 + tanM) = 1 

h^ 1 

1 + tanM 

sin A = Vl — cos^A 



V 



1 + t&n^A 

1 - 1 + tanM 

1 + tanM 
tan^ 



Vl + tanU 
sec -4 - — = VrTtan*Z. 



cos 



cac ^ = i— yi + t»'^ 



Bin 



tan^i 



24. Express the values of all the 
other functions in terms of cot A, 





cot -4 


tan A 




sin -4 
cos J. 


tan A. 


Let 


x = 


sin, y = COS. 




X 

y 


1 
cot j1 




X cot A 


=y. 




»*COtM 


=y'- 




o^cot'ul 


-y»=0 




«« 


+y' = i 



»»(l+cotU) = l 

1 



a;« = 



1 + cotM 



sin -4 = 



Vl + cot'* J. 
cos A = Vl — Bin^A 



^^ 1+cotM 

^ J l 4- cotM - 1 
" ^ 1 + cot^A 

cot J. 



VTTcotl4 

sec^ = ^^:^^Si2^. 
cos^ cotJl 

esc -4 =- - — - = VlTcotll. 
sm^ 



26. Given 2 sin ,4 = cos A ; find 
sin A and cos A, 
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Bill«il'+ COSM = 1. 
sinM + 4 sin'^ = 1. 
5 sinU = 1, 

sinU = i 
5 



sin A 



-4=iV5. 



/. COS il =- j VE. 

26. Given 4 sin -4 =- tan il ; find 
sin A and tan ii. 

tan^-?ia^. 
cos .4 

But tan -4 =4 sin A 

/.48inil=?iB^. 
cos A 

4 sin -4 X cos A = sin A, 

/. co8^-ii°A = l. 
4sin^ 4 

sinM + cosM « 1. 



Multiplying by 81 and adding, 
1681 sin«^ = 81, 
.*. 41 sin -4 = 9. 

sin A'=' — 
41 

sin'-4 + cosM = 1. 
cos A = Vl-sinM. 



V'-(,^J-^- 



28. Transform the quantity tanM 
+ cot«-4 -sinM - cos^A into a form 
containing only cos A. 

sin* J. 1 — cosM 



tanM = 



cot»-4 « 



C08*-4 C08*.4 

cosM cosM 
Bin* A 1 — cosM 
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tauil^ 



JVI5. 

sinjl 
cos^ 



1 — cos' J. cos*^ 



27. If sin -4 : cos -4 *= 9 : 40, find 
sin A and cos A. 

40 sin .4 = 9 cos A. 
(sq.) 1600 sin*^ = 81 cos'^. 
1600 sinM - 81 cos'^ « 0. 
But 8in«-4 + cosM = 1. 



cosM ' 1 — cosM 

— 1 + cos*A — cos'il 

_ l-2cos»ii-f2cosM-co8'^-fcosM 
cos' A — cos*^ 

_ l--3coBM-f 3cosM 

cos' J. — C08*-4 

29. Prove that sin .4 -f cos -4 = 
(1 + tan -4) cos A. 

sin ^ , . 

-^tanA 

cos A 

sin ^ = tan-4cosi4. 

sin -4 + COB ^ = tan ^ cos^ + cos A 

-=(1 +tan-4)co8il. 

30. Prove that tan4 + cotil = 
sec -4 X CSC il. 
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cos A 

cotil = 52l4. 
Bin A 

COS A sin A 



Bin^A + cofi'il 



COS A sin A 



bib' A + cos*il 
tanil + cot A 



-1. 



cos ^ sin A 
— sec -4 X CSC J.. 



!• In Case II. give another way 
of finding c, after b has been found. 

COS -4 = _, 
c 



Exercise VI. Page 20. 

6. Given B and c; find A,a,b. 
A^(9(y-B), 



6 = c COS J., 



c = 



COS A 



2. In Case III. give another way 
of finding e, after a has been found. 

Bin -4 = -I 

c sin ^ » a, 



c = 



a 



sin il 



3. In Case IV. give another way 

of finding 6, after the angles have 

been found. 

. h 
cos ^ = - 1 
c 

ft = c cos A. 

4. In Case V. give another way 
of finding c, after the angles have 
been found. 

COB A=-i 

c 



C COS il = ft, 



COSil 



A ^ 

Bin J. = -, 
c 



a = c sin A 

- h 
cos .4 = -f 
c 

6 = <j cos ^. 

6. Given B and 6 ; find A, a, c. 
A^i^Q^-B), 

tanil = ^, 
o 

a =» & tan A. 

Bin B=-t 
e 

6 = c sin B, 

b 





o = 


sin J? 








7. 


Given 5 and a ; 


findil, 


i. 


e. 




il = 


= (dOP - 


-^). 








tan^ = 


a 






f 




b tan^ = 


• a. 










h = 


a 


• 







tan^ 
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Bin A 

c sin^ 

c 



a 
e 

a, 



sinil 



8. Given h and c ; find A^ 5, a. 



COB 


^« 








^ 


-(9(y 


-^). 


sin 


A-^ 


a 






a 


= c8in 


ii. 



9. Given a =» 6, c — 12 ; required 
il = 30°, ^ = 6(y, 6 = 10.392. 

8inil = ^-i = 8in30». 
<j 2 



il-30«>. 




^«(90*'-il) = 


.600. 


cos il =1 -. 
c 




.'. 5»CC08J.. 




log COB A = 9.93753 




log 12 = 1.07918 




log 6 = 1.01671 




6 = 10.392. 





10. Given -4 = 60°, 6 = 4; re- 
quired B = 30°, c = 8, a « 6.9282. 

Since A = 60° and 6 = 4, 
B = (90° - 60°) « 30°. 
and = 8. (By Geometry.) 
c« = a« + 6«. 
.•.c«-6« = o« = 48. 



log48» log a>= 1.68124, 
log a » 0.84062, 
a - 6.9282. 

11. Given ^1-30°, a-=3; re- 
quired ^ - 60°, c - 6, 6 - 5.1961. 

Since il - 30° and a - 3, 

J? - (90° - 30°) - 60°, 
and c — 6. 

<jt-a« + 6". 
.\c»-a>-6> = 27. 

log27- log 6>- 1.43136, 
log 6 -0.71568, 
6 - 6.1961. 

12. Given a — 4, 6 — 4 ; required 
-4 = ^-45°, c = 5.6668. 

Since a and h each — 4, the A is 
an isosceles A, and the A A and B 
are equal. 

.\A^\ of 90° = 45°, 

5 = Jof90° = 45°. 

" c»=a> + 6» = 32. 

log 32 = log c«= 1.50515, 

log c = 0.75257, 

c = 5.6568. 

13. Given a - 2, c = 2.82843 ; 
required ^ = J? = 45°, 6 = 2. 



6= V?-^ 

= V(c-f a)(c— a), 
log 6' = log (c + a) + log (c-o). 

log {c-^-c:)^ 0.68381 
log (<J - a) = 9.91826 - 10 
log 6> = 0.60207 
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log b = 0.30103, 

b =2. 

the A is an isosceles rt. A. 
^ = ^ = 450. 



14. Given 
required B = 
b = 575.0. 

B^ 

a = 

log a = 

logc 

log sin A = 
log a 
a 

b = 

log 6 = 

logc 

log cos A = 
log 6 
b 



c = 627, A = 23-^ 30^ ; 
= 66°30^ a =250.02, 

: (90<> - ^) « 66* 30^ 

■■ c sin A. 

\ log c 4- log sin A. 

: 2.79727 
: 9.60070 

= 2.39797 
= 250.02. 

: c cos A. 
log c + log COfl il. 

■■ 2.79727 
^ 9.96240 

» 2.75967 
= 575. 



15. Given c « 2280, A = 28o 5^ ; 
required 5 = 6P55^ 0= 1073.3, 
b = 2011.6. 



^ = 61° 55^ 






A <^ 

sm il = -. 
c 


a = c sin A. 






a = c sin ^. 


log a = log c + log 


sin 


A. 


log a = log c + log sin A. 


log c = 3.35793 






log c = 0.00000 


log sin A = 9.67280 






log sin A = 9.76922 


log a ^ 3.03073 






log a = 9.76922 


a = 1073.3. 






a = 0.58779. 


6 = c cos A. 

log 6 = log c + log 


cos 


A. 


cos -d = -» 

c 



log c 

log COS A = 
log b 
b 

16. Given 

required B = 
b = 55.620. 

a = 

log a = 

logc 

log sin A = 
log a 
a 

log 6 = 

logc 

log cos -4 = 
log 6 
b 



' 3.35793 
9.94560 
= 3.30353 
= 2011.6 

c= 72.15, ^ = 39<> 34'; 
- 50° 26^ a = 45.968, 

= 50° 26^ 
•■ c sin A. 
» log c + log sin A, 

■■ 1.85824 
» 9.80412 
= 1.66236 
. 45.958. 

•■ c cos A, 

= log c + log cos A. 

- 1.85824 
: 9.88699 
= 1.74523 
^ 55.620. 



17. Given c= 1, .4 = 36°; required 
5 = 54°, o = 0.58779, b - 0.80902. 

B = 54°. 



24 



TRIOONOMETRY. 



b 
log 6 

logc 

log C08 A 

log 6 
b 



18. Qiven 
reqaired A - 
b - 74.219. 



Bin il •= - 

a = 
loga = 

logc - 
log sin A a- 
loga -= 

a a 



COSil — - 

log& = 
logc « 

log COB A » 

log 6 « 
5 



> C COB il. 

• log C + log COB A. 

. 0.00000 
' 9.90796 
■ 9.90796 - 10 
. 0.80902. 

c-200, 5-21»47^ 
-68*»13^ a -186.72, 

68« 13^ 

a 
e 

e Bin A. 

log c + log sin A, 

2.30103 
9.96783 
2.26886 
185.73. 

c 

CCOBil. 

log C + log COB A 

2.30103 
9.56949 



1.87052 
74.22. 



19. Given c = 93.4, B = 76° 25>' ; 
required -4 = 13° 35^, a = 21.936, 
6 = 90.788. 

A = 13° 35^ 

a = c sin A, 

log a = log c + log sin A. 



logc 
log sin A 
log a 
a 

b 
log 6. 

log a 
log cot A 
log 6 
b 



1.97035 
= 9.37081 

1.34116 
21.936. 

a cot A. 

log a + log cot A, 

1.34116 
0.61687 
1.95803 
90.788. 



20. Given 
required £^ 
7971.5. 


o = 637, -4 -4° 36' 
■• 86° 25^ b « 7946, c » 


5 = 


- 85° 26^. 


5- 


- a cot J.. 


log& = 


= log a + log cot A. 


log a 


' 2.80414 


log cot A = 


. 1.09601 


log 6 


= 3.90015 


b 


' 7946. 


logc 


• log a + colog sin A. 


log a 


2.80414 


colog sin A » 


1.09740 


logc 


3.90154 


c » 


7971.5. 



21. Given a = 48.532, A = 36° 44'; 
required B = 63° 16', b = 65.033' 
c = 81.144. 

^=90°-^ 

-90°-36°44' 
« 53° 16'. 

Bin .4 = — 
c 
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c- .« . 


log c - 6.90415 - 10 


Bin A 


log cos il- 8.84358 


log c » log a + colog sin A. 


log b - 5.74773 - 10 


log a » 1.68603 


b - 0.0000559. 


colog sin A » 0.22323 




log e = 1.90926 


23. Given ft - 50.937, -B-43*>48^ 


= 81.144. 


required il-46<>12^ a -53.116. 




c = 73.59. 


cos A = — 


A - 46« 12^ 


1/ 


tanil--. 


ft = C COS -A. 


ft 


log & = log e + log cos A, 


a » ft tan .1. 


log c = 1.90926 


log ft - 1.70703 


log cos A = 9.90386 


log tian^ = 0.01820 


log b = 1.81312 


log a = 1.72523 


b = 66.031. 


a = 53.116. 


22. Given o = 0.0008, ^-86*»; 


• A <* 

sm il » • 
c 


required ^ = 4®, 6 =« 0.0000559, e = 


« 


0.000802. 


smil 


5 = 90<>-A 




= 90<>-86<^ 


log a - 1.72523 


-4^ 


colog sin A = 0.14161 



sin 4 = — 



c = 



a 



sin A 
log e = log a + colog sin A. 

log a = 6.90309 - 10 
colog sin A = 0.00106 

logc = 6.90415 - 10 
e = 0.000802. 

COB J. = — 

e 

ft = c cos -4. 
log 6 = log c + log cos A. 



log c = 1.86684 
e = 73.593. 

24. Given ft = 2, 5«3<>38^; re- 
quired A = 86° 22^ a = 31.497, c - 
31.560. 

A = 86<» 22^ 

tan^ = ^. 
ft 

a = ft tan A, 

log ft = 0.30103 
log tan ii = 1.19723 
log a = 1.49826 
a = 31.496. 
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Bin A^- 



a 
c 









log a 
colog Bin A 



log c 



25. Given 
A^WiV.b 

A« 



Bin Al- 



lege 

logo 
colog sin A 
logc 
e 

sin ^ 

log 6 

logc 
log sin B 
log 6 



: 1.49826 
. 0.00087 
. 1.49913 
' 31.560. 

a - 992, B - 76* 19' ; 
-4074.45,0 = 4193.56. 

.90^-76° 19^ 
. 130 41^ 

a 

c 

log a + colog sin A. 

2.99651 

0.62607 

■■ 3.62258 

4193.6. 

5 

C 

log c + log sin B. 

3.62258 
9.98750 

3.61008 
4074.5. 



26. Given a = 73, 5=68°52^ 
required A = 2P 8^ 6 = 188.86, c = 
202.47. 

^ = 90<'-5=21°8'. 



Bin J. = — 
c 



log c =- log a + colog sin A. 



logo 
colog sin il > 

log« 

c - 

sin B^ 

log6- 

logc 

log sin B « 

log 6 
6 

27. Given 

required A •• 
c = 3.1185. 

A^ 



Sin .4 =» - 



c — 

logc- 

loga - 
colog sin A ' 

logc 
c 

COSil 

b 

log 6 

logc 
log cos A 

log 6 
5 



1.86332 
0.44306 



.2.30637 
■• 202.47. 

C 

' log c + log sin B» 

- 2.30637 
■■ 9.96976 

. 2.27613 
'- 188.86. 

a-2.189, J? = 45<^25^; 
-44*36^ 6 = 2.2211. 

- 90*> - 45*> 26' 
' 44* 36^. 

a 
c 
a 

■ ■ — • 

sin .4 
> log a + colog sin .4. 

0.34025 
0.15370 

0.49396 

- 3.1186. 

6 
c 

C COS J.. 

log C -I- log COB A, 

0.49395 
9.85262 

0.34657 
. 2.2211. 



2a Given 6 =4, -4 = 37*»56'; re- 
quired .5= 52° 4', a= 3.1176, c = 
5.0714. 



TEACHEES* EDITION. 



27 



B 
cos A 

c 

logc = 

log J 
colog COS A ■• 

logc 
c 

i&JiA = 

o = 
loga = 

log J 

log tan A = 

log a 
a 



' 62° 4'. 
5 

e cos A, 
b 

COSii 

log 6 + colog COS A, 

0.60206 
0.10307 

0.70513 
5.0714. 

a 

b 

• b tan A. 
' log 6 + log tan A. 

0.60206 
9.89177 

0.49383 
3.1176. 



29. Given 
required A — 
b = 7332.8. 

8inil = 

log sin A = 

log a c= 
colog c » 

log sin A = 

A 

B 



d = 8590, a = 4476; 
31° 24^ -S - 58° 36^ 

a 
c 
log a + colog c. 

3.65089 
6.06601 

9.71690 
31° 24^. 
58° 36^ 



cot A = -' 



a 



log 6 = 

log a 

log cot A = 

log 6 
b 



log a + log cot A, 

3.65089 
10.21438 

3.86527 
7332.8. 



SO. Given c- 86.63, a -71.78; 
required il = 66°3^ .5-33° 67' 
b - 48.324. 

log sin J. *- log a + colog c, 
log o - 1.86600 
colog c - 8.06283 

log sin A - 9.91883 
A - 66° 3'. 

B « 33° 67'. 



log 6 
log a 
log cot A 
log 6 
b 



log a + log cot A, 

1.85600 

9.82817 

1.68417 
48.324. 



81. Given c - 9.35, a - 8.49 ; 
required -4 = 66° 14', J5«24°46' 
b - 3.917. 

sin ii — -. 

^ = 90°-A 
colog c = 9.02919 
log a - 0.92891 
log sin A - 9.95810 
ii - 66° 14'. 

B - 24° 46'. 



cos il = — 

c 

6 = c cos ^, 
log c - 0.97081 
log cos A = 9.62214 

log b - 0.69295 
b « 3.917. 

32. Given c=2194, 6-1312.7; 
required -4 = 53° 15', ^ = 36° 45', 
a - 1758. 
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COSii— — 



log 6 
colog c 

log COB ii 

A 
B 



6 
<o 

' 3.11816 
6.65876 

9.77692 

- 530 16^. 
-(90«-^) 

- 36<» 45^. 



A ** 



a 
logc 
log sin A 

log a 
a 



a 
e 

e sin A. 

3.34124 
9.90377 

3.24501 
1758. 



S3. Given e - 30.69, h 

required il = 53®30^ £ 

a - 24.67. 

. h 
cobA = -' 
e 



■ 18.256 ; 
36° 30^, 



tan^ 

log tan A 
log a 
colog b 
log tan A 
A 
B 

flinil' 

logo- 

log a * 
colog sin A ' 
logc 
e 



a 
5 
' log a + colog b. 

1.68335 

8.70948 

10.29283 
63<». 

2r. 



log a + colog sin A 

1.58335 
0.05012 

1.63347 
43. 



log cos A 

log 6 
colog e 

log COS A 

A 

B 



' log 6 + colog c 

■ 1.26140 
■■ 8.51300 

9.77440 
53° 30^. 
36° 30^. 



iajxA^? 



a 
b 



log a 

log tan A 
log 6 

log a 
a 



log tan .1 + log b. 

10.13079 
1.26140 

1.39219 
24.671. 



36. Given a -1.2291, 5=14.950; 
required -4.-4° 42^, J?-85°18'; 
c-16. 

tanil — ^« 
b 

log a - 0.08959 

colog b - 8.82536 - 10 

log tan il- 8.91495 

A - 4° 42^. 

B - 86° IS'. 



Sin il — -. 
c 



34. Given a - 38.313, b = 19.522 ; 
required A - 63°, ^ = 2r , c = 43. 



c — 



csinii. 
a 



log a 



sin J. 
- 0.08969 



colog sin A - 1.08651 

logc - 1.17610 
e -16. 
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Sa Given a -415.38, 5 = 62.080; 
required ^4 = 81^30^ 5-8*»30'. 
c = 420. 



tan il = ^• 
o 



log a 
colog b 



2.61845 
8.20705 - 10 



log tan -4 = 10.82550 
A - 81«> 30^. 

£ - 8<»30^. 



sin 


A 


a 
e 




a 


- e sin A» 




e 


a 




ainJ. 


log a 




- 2.61846 


colog sin 


A 


« 0.00480 


logc 




« 2.62325 


e 




-420. 



37. Given a « 13.690, ft =16.926; 
required il = 38«58^ ^-510 2^ 
e « 21.77. 

tanil-i 
o 

log tan il » log a + colog ft. 

log a - 1.13640 
colog ft « 8.77144 - 10 
log tanil = 9.90784 
il « 38* 58^ 

B -5P 2f. 



sinil — 



5. 
c 



lege 



siuil 

log a + colog sin il. 



log a 
colog sin il 

logc 
c 



1.13640 
0.20144 

1.33784 
21.769. 



38. Given e- 91.92, a -2.19; 
required il-l*»21'6y^ .B-Sfio 
38^ y^, ft - 91.894. 

an 4 ■■ "• 
log sin il — log a + colog c 

log a - 0.34044 
colog c - 8.03659 - 10 

log sin il - 8.37703 

il - P21'55'^ 

B -880 38' y\ 



008 il 


ft 

c 




ft 


— CCOSil. 




log ft 


- log C + log COS 


il. 


logc 


-1.96341 




log COS il 


-9.99988 




log ft 


-1.96329 




ft 


- 91.894. 





39. Compute the unknown parts 
and also the area, having given 
a=-5, ft-6. 

tan il — -• 
ft 

log tan A ~ log a + colog ft. 



log a 
colog ft 

log tauil 

il 

B 



0.69897 
9.22185 



-10 



9.92082 
39° 48^ 
50*12^ 
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Sin il — J- 
c 



c— 



BlJlA 

log c •- log a + colog sin A. 

log a - 0.69897 
colog sin A - 0.19375 

log e - 0.89272 
e - 7.8112. 



40. Compute the unknown parts 
and also the area, having given 
a - 0.616, c = 70. 

sm il — — 
c 

log sin J. - log a + colog c. 

log o - 9.78888 - 10 
colog c - 8.15490 - 10 

log sin A - 7.94378 
A - 30' 12'^ 

B - 89<» 29^ 48'^ 



41. Compute the unknown parts 
and also Uie area, having given 

b^y/2, C-V3. 

^/2 - 1.2599L 

%/3 - 1.73206. 



tanii-?. 



a 
b 



log 6 

logo 
colog tan A 

log 6 
b 



log a + colog tan ii. 

9.78888 - 10 
2.05626 

1.84514 

70.007. 



log a 

log 6 

colog 2 

log-P 
F 



-9.78888-10 
« 1.84514 

- 9.69897 - 10 

- 1.33291 

- 21.528. 



. ft 
COSil — -• 

c 
log cos ii — log 5 4> colog c 

log 6 - 0.10034 
colog e - 9.76144 - 10 

log cos il »- 9.86178 
A - 43« 20^. 

5 -46*»40'. 



sin 


A^t 
c 




a «- e sin iL 


log 


; a - log c + log sin iL 


logc 


- 0.23856 


log sin 


A » 9.83648 


log a 


- 0.07504 


a 


- 1.1886. 




F^iah, 


log a 


« 0.07504 


log 6 


« 0.10034 


colog 2 


- 9.69897 - 10 


log-P 


- 9.87436 - 10 


F 


• 0.74876. 


42. Compute the unknown parts 


and also the area, having given 


a-7, -A- 


18*» 14^. 




B^n^'W. 



nuA^-' 
c 



c— 



sinii 
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log c = log a + colog sin A. 

log a = 0.84510 
colog sin A = 0.50461 

logc 
e 



= 1.34971 
« 22.372. 



tan il — ~ 



a 
b 



log 6 

log a 
colog tan A 

log 6 
b 



log a 

log ft 

colog 2 

log J' 
F 



ta,nA 

log a + colog tan -4. 

0.84510 
0.48224 -- 10 

« 1.32734 
= 21.249. 

= 0.84510 
- 1.32734 
= 9.69897 - 10 



1.87141 
74.371. 



43. Compnte the unknown parts 
and also the area, having given 
5 =-12, ^-29*»8^ 

^ - 290 S\ 

^ = 60° 52^ 

COB J. = -. 

e 



COB A 

log c = log ft + colog COS A. 

log ft = 1.07918 
colog COB il = 0.05874 
log c = 1.13792 
c « 13.738. 



Bin A»- 



a 
e 



a 
log a 

logc 
log sin A 
log a 
a 



c sin A. 

log e + log sin A. 

1.13792 
9.68739 
0.82531 
6.6882. 



F^iab, 
log F'^ logo +log ft +colog 2. 
log a - 0.82531 
- 1.07918 
« 9.69897 - 10 



log 6 
colog 2 
logJf 



1.60346 
4Q.129. 



44. Compute the unknown parts 
and also the area, having given 
c=»68. il-69°54^ 

il = 69°54^ 

sin il a -. 
c 

a « c sin ^. 
log a =- log c + log sin A, 

log e = 1.83251 
log sin -4. = 9.97271 
log a 
a 



= 1.80522 
= 63.859. 



C08^ = 2. 

ft 
log ft 



ft 
e 
ecoaA. 

log C + log COB A, 
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logc 
log cos A 
log 6 
h 



1.83251 
9.53613 
1.36864 
23.369. 



log a 
log 6 
colog 2 
logF 
F 



J?-la6. 

- 1.80522 
- 1.36864 

- 9.69897 



-10 



- 2.87283 

- 746.16. 



46. Compate the unknown parts 
and also the area, having given 
c-27, ^-44*»4^ 

A - 45« 56^ 

a » e sin A, 

^ log a *- log c + log sin A. 

log c - 1.43136 
log sin A - 9.85645 
log a - 1.28781 
a - 19.40. 



h 

log 5 

logc 
log cos A 
log 6 
h 



F 



log a 

log 6 

colog 2 

log-P 
F 



C COB A. 

log c + log COS A, 

1.43136 
9.84229 
1.27365 

18.778. 

iah, 

- 1.28781 
= 1.27365 
- 9.69897 - 10 



« 2.26043 
- 182.15. 



46. Compute the unknown parts 
and also the area, having given 
a - 47. -B - 48*» 49^. 

il-41oiK 
b'^ a cot A. 
log & <- log a + log cot A, 

log a = 1.67210 
log cot il » 10.05803 
log 6 - 1.73013 
b - 53.719. 



logc 

log a 
colog sin A 
logc 
c 



sin J. 

log a + colog sin A. 

1.67210 
0.18146 
1.85356 
71.377. 



log a 

log 6 

colog 2 

log-P 
F 



F^iab. 

- 1.67210 
- 1.73013 
« 9.69897 



-10 



- 3.10120 
- 1262.4. 



47. Compute the unknown parts 
and also the area, having given 
6 = 9, ^ = 34° 44^ 

A - 55* 16'. 

a — b tan A, 

log a » log 5 + log tan A. 

log 6 - 0.95424 
log tan -4. -1016908 
log a - 1.11332 
a - 12.981. 
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<j= 



a 



logc 

log a 
colog sin A 

log c 



Bin A 

log a + colog sin A, 

1.11332 
0.08523 

1.19855 
15.7960 



log a 

log 6 

colog 2 

log if' 
F 



F=^ \ ah. 

= 1.11332 
= 0.95424 
= 9.69897 



-10 



= 1.76653 
= 58.416. 



48. Compute the unknown parte 
and also the area, having given 
c = 8.462, .5=86°4^ 

-4 = 3° 56'. 
a = c sin A. 
log a = log c + log sin A. 

log c = 0.92747 
log sin A = 8.83630 

log a 
a 



= 9.76377 - 10 
= 0.58046. 



h 
log J 

logc 
log cos A 

log 6 
h 



c cos A. 

log C+ log COSil. 

0.92747 
9.99898 

0.92645 
8.442. 



log a 

log 6 

colog 2 

log-P 
F 



F^ i ah. 

= 9.76377 - 10 

= 0.92645 

= 9.69897 - 10 

= 0.38919 
= 2.4501. 






49. Find the value of F in terma 
of c and A. 

F^\ah. 

sin .4 = -• 

c 

a^ CBin A. 
J, h 

cos J. «= — 

c 
6 = c cos .4. 
Substitute, 

F^\ah 
= } (<=^ «n -4 cos A). 

60. Find the value of i^'in terms 
of a and A. 

F^iab. 

cot ii = — 
a 

5 = a cot A. 

Substitute, 

F^iab 

= } (a* cot .4). 

51. Find the value of .Pin terms 
of b and A. 

F=^iab, 

tan A = ^' 
b 

a = b tan A, 

Substitute, 

F=iab 

= }(^tan^). 

52. Find the value of .Pin terms 
of a and c, 

F=iab, 
c» = o* + 6». 

Substitute, 
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63. Given F^dS, a » 10 ; solve 


tanjl--. 


the triangle. 


6 


F^iab, 


log tan A — log a + colog b. 


ft»2i^. 


log a - 0.85733 


a 


colog ft - 9.30103-10 


log & <- log 2 i^ + colog a. 


log tan j1 -10.15836 


log2-P -2.06446 


A - 55« 13^ 20^>'. 


colog a ■= 9.00000 - 10 


B - 34*> 46' 40^^ 


log 6 - 1.06446 




h - 11.6. 






Binil 


tanil-?. 



log tan il <- log a -f colog b. 


log c — log a + colog sin A, 


log a - 0.85733 
colog sin A - 0.08546 


log a - 1.00000 


log e - 0.94279 


colog 6 - 8.93554 - 10 


e - 8.7658. 


log tan il- 9.93554 


• 


A - 40» 45^ 48'^ 




B - 49«> 14^ 12'^. 


66. Given J*- 12, -4- 29<»; solve 




the triangle. 


*- ^/ 


B = 6l^ 


Binii 




log e — log a + colog sin A 


-P-Jaft-12. 
aft -24. 


log a - 1.00000 


24 


colog sin il -0.18513 


^'T 


log e - 1.18513 


tanil--. 


c -» 15.315. 


ft 


64. Given i?'=18, ft -5; solve 


tan29«>-^^. 


the triangle. 





F= i ab. 


ft.= 24 . 


2F 


tan29« 


"' 6' 


log ft = } (log 24 + colog tan 29^). 


log a - log 2 i'' + colog 5. 


log 24 - 1.38021 


log 2 2^ =1.55630 


colog tan 29<> - 0.25625 


colog b « 9.30103 - 10 


2) 1.63646 


log a = 0.85733 


log ft - 0.81823 


a - 7.2. 


ft - 6.58. 



TEACHERS EDITION. 



35 



tan 29° - ? 

a 
log a 

log 6 

log tan 29<> 
log a 
a 



a 
b 

6tan29*'. 

log 6 + log tan 29°. 

0.81823 
9.74375 
0.56198 
3.6474. 



A U 

Bin -A = - 



a 

^ • 

c 



e 

logc 

log a 
colog sin 29° 

logc 
e 



sin 29° 

log a + colog sin 29°. 

0.56198 
0.31443 



0.87641 
7^233. 



66. Given 2?^= 100, c = 22; solve 
the triangle. 

F=iab^ 100. 
06-200. 
200 



a — 



.« = 



b 

40000 
6« 



a« + 6» = c» = 484. 
Sabstitnte, 
40000 



6« 



+ 6« = 484. 



40000 + 6* = 484 6«. 
J* - 484 6»-- 40000. 
64_( )+(242)«= 18564. 



logV18664 

but 2.13434 
.-. 6> - 242 

log 6 



5- 



2 )4.26867 
2.13434; 
log 136.25. 
136.25. 
378.25. 
J (log 378.25). 
1.28889. 
19.449. 



A O 



6 
e 



log COB A 

log 6 
colog c 
log cos A 
A 
B 



log b + colog c 

1.28889 
8.65758 
9.94647 
27° 52^ 
62° 8^ 



sm il = - 



a 
log a 

logc 
log sin A 
log a 
a 



a 
e 

c sin A, 

log c + log sin A, 

1.34242 
9.66970 
1.01212 
10.283. 



57. Find the angles of a right 
triangle if the hypotennse is equal 
to three times one of the legs. 

Let c — hypotennse, 

and let c « three times a, one of 

the legs. 

A A 

sm A = -' 
c 

log sin il = log a + colog c. 
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log a - 0.00000 
colog e - 9.52288 - 10 

log sin A - 9.52288 

A - 19^ 28^ irr 

B - 70° 31' 43'^ 

68. Find the legs of a right tri- 
angle if the hypotenuse = 6, and 
one angle is twice the other. 

Let c -= hypotenuse -= 6, 

and let .&» twice il ; 

then .ff - 60*». 

il-30*». 

. a 
Bin il — — 

6 

o -r c sin A, 
log a - log c + log sin A. 
log c - 0.77815 
log sin ^ = 9.69897 
log a - 0.47712 
a -3. 

• « ft 
Bin B"-' 

e 
ft — c sin B. 
log ft = log c + log sin B. 

log e - 0.77815 
log sin B = 9.93753 

log ft - 0.71568 
ft « 5.1961. 

59. In a right triangle given c, 
and A » nB ; find a and ft. 

B = 9(P-^A 

«90*»-w5. 

5(n + l) = 90^ 

n + 1 



008.5--. 




90® a 
n + 1 c 


• 


90«> 
a » c cos . 

n + 1 




Bin J? «= — 

6 




M-n 9^ ft 

iin ■= — . 

n + 1 € 




jL 90* 
ft — c Bin -^^^. 





n + 1 

00. In a right triangle the differ- 
ence between the hypotenuse and 
the greater leg is equal to the dif- 
ference between the two legs ; find 
the angles. 



2a-ft«-c. 


(1) 


a« + ft«-c«. 


(2) 


Squaring (1), 




4a«-4aft + ft« = c* 




a» +ft« = c* 




3a«-4aft =0 




3a««4aft. 




3a -4ft. 




« 4ft 




tanvf=?=t 
ft 3 




log tan il = log 4 + colog 3. 




log 4 « 0.60206 




colog 3 » 9.52288 - 10 





log ten il« 10.12494 
A -53*> 7M8'^ 

B - 36° 52' 12''. 
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61. At a horizontal distance of 
120 feet from the foot of a steeple, 
the angle of elevation of the top 
was found to be 60^ 30^ ; find the 
height of the steeple. 

tan^ = ^ 



a^b tan A. 
log a — log 5 + log tan A. 

logh = 2.07918 
log tan-A- 1024736 
log a - 2.32654 
a - 212.1. 

62. From the top of a rock that 
rises vertically 326 feet out of the 
water, the angle of depression of a 
boat was found to be 24° ; find the 
distance of the boat from the foot 
of the rock. 

cot il — — 
a 

ft «- a + cot ii. 
log 5 « log a + log cot a. 

log a » 2.51322 
log cot A = 10.35142 
log ft - 2.86464 
b - 732.22. 

63. How far is a monument, in 
a level plain, from the eye, if the 
height of the monument is 200 feet 
and the angle of elevation of the 
top3°30>'? 

cot il « — 
a 

5 » a cot il. 
log b » log a + log cot A, 



log a 
log cot A 

log 6 

b 



2.30103 
1.21351 

3.51454 
3270. 



64. In order to find the breadth 
of a river a distance AB was meas- 
ured along the bank, tlie point il 
being directly opposite a tree C on 
the other side. The angle ABC 
was also measured. If AB^dS 
feet, and ABC"^ 21'' 14^ find the 
breadth of the river. 

If ABC~ 45°, what would be the 
breadth of the river 7 

tAiiB=^AC+AB, 

AC^ AB X tan B. 

log ilC - log AB + log tan B. 

log AB - 1.98227 
log tan .g ■= 9.58944 

log AC - 1.57171 
AC - 37.3 feet. 



log AC=' log AB + log tan B. 

\ogAB = 1.98227 
log tan .g = 10.00000 

log AC - 1.98227 
AC -96 feet 

65. Find the angle of elevation 
of the sun when a tower a feet high 
casts a horizontal shadow b feet 
long. Find the angle when a » 120, 
6 = 70. 



tauil 

tanil 
log tan A 



a 
b 

120 
70 ' 
log 120 + colog 70. 
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2.07918 
8.15490 - 10 



log 120 
colog 70 

log tan -A - 1023408 
A - 59<> 44^ 35^^ 

66. How high is a tree that casts 
a horizontal shadow h feet in length 
when the angle of elevation of the 
snn is A^ ? Find the height of the 
tree when ft - 80*>, il - 50*>, 

tanil-^. 



a^h tan A. 
log a « log 5 + log tan A, 

log 5 - 1.90309 
log tan A = 10.07619 
log a 
a 



«- 1.97928 
- 95.34. 



67. What is the angle of eleva- 
tion of an inclined plane if it rises 
1 foot in a horizontal distance of 40 
feet? 

tan il -« ^. 



log tan A » log a + colog 5. 

log a - 0.00000 
colog h - 8.39794 ~ 10 
log tan ^ » 8.39794 
A = 1« 25' 56'^ 

68. A ship is sailing due, north- 
east with a velocity of 10 miles an 
hoar. Find the rate at which she 
is moving dne north and also dae 
east. 

Let AB be the direction of the 



vessel, and eqaal one hoar's progress 
» 10 miles. 

il(7— distance dae east passed over 
in one hoar. 

As the direction of the ship la 
north-east, 

A - 45^ 
ft — c cos il. 
log ft « log c -I- log COS A. 

log 10 - 1.00000 

log cos il - 9.84949 

log ft - 0.84949 

ft » 7.0712 miles dae east, 

and also dne north, since 

AF'^AQ, 



69. In front of a window 20 feet 
high is a flower-bed 6 feet wide. 
How long must a ladder be to reach 
from the edge of the bed to the 
window ? 

tanil«f. 
ft 

log tan .A » log 20 + colog 6. 

log 20 - 1.30103 
colog 6 - 9.22185-10 



log 


tan J. 


- 10.52288 




A 




- 73« 18^ 






c 


a 

Bin A 






logc 


» log 20 -t- colog sin 


A 


log 


a 


= 1.30103 




colog 


sin A 


« 0.01871 




log 


e 


- 1.31974 




e 




- 20.88. 
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70. A ladder 40 feet long may be 
80 placed that it will reach a win- 
dow 33 feet high on one side of the 
street, and by turning it over with- 
out moving its foot it will reach a 
window 21 feet high on the other 
side. Find the breadth of the 
street. 



COS 


B' 


33 

'40 


log 33 


» 


'. 1.51851 


colog 40 


= 


■• 8.39794 - 10 


log COS 


B = 


= 9.91645 


B 


= 


= 34*» 24' 45'^. 


tanJ? = 


b 
33 




b = 


-• 33 tan B, 


log 33 


1 


- 1.51851 


log tan B = 


- 9.83571 


log 6 


s= 


- 1.35422 




b= 


= 22.605. 


COB 


B^' 


21 
40 


log 21 


r= 


. 1.32222 


colog 40 


- 


. 8.39794 - 10 


log cos 


B'= 


. 9.72016 


B' 


- 


- 58° 19' 54''. 


tan-B'« 


6' 
21 




6'= 


■• 21 tan B\ 


log 21 


« 


. 1.32222 


log tan B^= 


= 0.20982 


log 6' 


- 


» 1.53204 


y 


e 


r 34.044 


h 


« 


. 22.605 


h + y 




56.649 



71. From the top of a hill the 
angles of depression of two succes- 
sive milestones, on a straight level 
road leading to the hill, are observed 
to be 5° and 15**. Find the height 
of the hill. 




638U 



Bin5°— 



log 5280 
log sin 5° 

log a - 2.66^ 



5280 
5280 sin 6<>. 

3.72263 
8.94030 



sin 10*»» 



c — 



log a 
colog sin 10° 

logc 



c 

e sin 10**. 

o 
sin 10°* 

2.66293 
0.76033 

- 3.42326 



cos 75°= - 



logc 
log cos 75* 

log 6 
b 



b = c COB 75°. 
= 3.42326 
9.41300 

2.83626 
685.9 feet 
228.63 yards 



72. A fort stands on ahorissontal 
plane. The angle of elevation at a 
certain point on the plane is 30°, 
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and at a point 100 feet nearer the 
fort it is 46*. How high is the fort ? 

B 




A 100 ft. A' 



Let B represent the fort, AC the 
horizontal plane, BC a X from fort 
to plane. 

BAC^ angle made by line from 
eye of observer — 30*. 

BA'C'^ 46** — angle of elevation 
100 feet nearer. 
From A' draw A'N X to AB. 
In rt. A AA'N, 
Z NAA''^ 30*». 
and /LNA'A^m", 

/. NA''^ 50 feet. 

/. AN^ V(100)*- (50)« 

« V7500-50V^ 
- 86.602. 

In rt. A BNA^ 

^- =- cot iV»il'- cot 15«, 



and 

log NA' 
log cot 15 

log^iV 

BN 
AN 

AB 



BN= NA' cot 16^ 



= 1.69897 
= 057195 

= 2.27092 

- 186.60 
- 86.60 



273.20 



In rt. A ABC, 
Z BAC^ 30«, 
and Z ABC'^ 60<>. 

/. -BC-M^-JX 273.20 
- 136.60 feet 

78. From a certain point on the 
ground the angles of elevation of 
the belfry of a church and of the top 
of a steeple were found to be 40° 
and 51** respectively. From a point 
300 feet farther off, on a horizontal 
line, the angle of elevation of the 
top of the steeple is found to be 
33** 46^ Find the distance from 
the belfry to the top of the steeple. 




300 ft. 2> c 

Draw DEXioAB from Z>. 
In A BED 

^ = sin 33** 45^ 

-ED = 300 X sin 33** 45^. 
log 300 = 2.47712 

log sin 33** 45'= 9.74474 
log ED = 2.22186 

Z EAD = 180**- 33*^ 45' - (ISO* 
- 51**) = 17** 15'. 
In A ADE 
ED 



AD 



sin 17** IS'. 
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AD^ 



ED 







Bin 17** If/ 


log ED 




' 2.22186 


colog sin 17** 16^= 


» 0.52791 


log AD 




. 2.74977 


In A ADG 






DC 
AD 


. cos 51®. 




DC^ 


. AD COB 510. 


log AD 




. 2.74977 


log C08 51° 


- 9.79887 


log DC 




• 2.54864 


In A ADO 






AG 
DG 


. tan 51<>. 



ilC-2)Ctan5P. 

logZK7 . = 2.54864 
log tan 51<» - 10.09163 
logilC - 2.64027 

AC - 436.79 



In A EDO 






EC 
DG 


• tan 40®. 




EO-^ 


.-DC tan 40®. 


log DC 


» 


• 2.54864 


log tan 40 


|0 = 


. 9.92381 . 


log j?^a 


» 


. 2.47245 


EG 


» 


> 296.79. 


AG-EO 




140. 

/ 



/ 



74. The angle of elevation of the 
top of an inaccesBible fort C, ob- 
served from a point il, i» 12®. At 
a point B, 219 feet from A and on 
a line AB perpendicular to .4C, the 
angle ABC is 61® 45^. Find the 
height of the fori 




In rt. A Cil-B 

AB 
AC'^ 

.\ AC^ 



coi ABC 
AB 



cot ABC 
log AC^ log AB + colog cot ABC, 

log AB - 2.34044 

colog cot ABC - 0.26977 

log AC - 2.61021 

In rt. A ADC 

^- Bin CAD. 
AC 

CD ^ AC Bin CAD. 
log CD - log ilC+ log sin CAD, 

log AC =2.61021 

logsinCili) = 9.31788 

log CD - 1.92809 

CD - 84.74 feet 



V 
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Exercise VII. Page 25. 



1. In an isoecelM triangle, given 
a and A ; find Q c, A. 



c- 


180*- 


2A 


- 


2(90**- 


--4). 


a 


C06 A, 




c- 


2aco6 


A 


a 


> sin A. 




A» 


' a sin 2 


I. 



2. In an isosceles triangle, given 
o and 0] find A, e, A. 

C+2il-180». 

il-90*-ja 

=- — cos J., 
a 

c » 2 a cos il. 

h . . 
- =- Bin J^ 
a 

& » a sin il. 

3. In an isosceles triangle, given 
c and A ; find C, a, h. 



4. In an isosceles triangle, given 
e and (7; find il, a, A. 



A~ 


9o»-ta 


a 


COSil. 


/I -H 


c 


1* ^ 


2co6il 


a 


sin A. 


A- 


a sin il. 



6. In an isosceles triangle, given 
h and il ; find (7, a, e. 



c=. 


180«-2il 




2(90«>- 


^). 


Je 


COS il. 




a 






2a ^ 


c 




COSil 




a — 


c 




2cosil 




A 








sin il. 




a 






A- 


a sin il. 





C 


-2(90»-il). 


sinil 


a 


.-. a 


* A ••- sin il. 

• 


COB A' 


»i^» c 
a 2a 


.'. c 


- 2 a cos il. 



6. In an isosceles triangle, given 
h and C\ find il, a, e. 

^-90O-}a 

sm il "= -. 
a 

a^h-i-ainAi, 

cosil»i^=-£-. 
a 2a 

c — 2a cos iL 

7. In an isosceles triangle, given 
a and h ; find il, C, c. 

sin il => A -I- a. 

C-180<>-2il. 
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tan A 



= 2(90*> - A). 

a 2a 
e — 2a cos A, 

8. In an isosceles triangle, given 
c and h ; find A^ C, a. 

0=^180^-2 A 
= 2 (90*» - A), 

Bin A = -' 
a 

a = h-t- Bin A. 

9. In an isosceles triangle, given 
a = 14.3, c = ll; find -4, C, A. 

cos J. = =—• 
a 

log COB A « log }c + colog a. 

logic =0.74036 
colog a - 8.84466 ~ 10 

log COB A = 9.58502 
A = 67° 22^ 50'^ 

C -2(90«-^) 

= 45° 14' 20'^ 



8inil = 

A = 
logA = 

log a = 
log sin A = 

log A = 
h 



h 

a 

a sin il. 

log a + log sin A. 

1.15534 
9.96524 

1.12058 

13.2. 



10. In an isosceles triangle, given 
a = 0.295, A = 68° 10' ; find c, A, 
R 



flinil 

h 
log A 

log a 
log sin A 
log A 
h 

coeA 

ie 
logic 

log a 

log COB A 

log ic 
e 



h 
a 
a sin J.. 

log a + log sin A. 

9.46982 - 10 
9.96767 
9.43749 - 10 
0.27384. 

a 

a COB A. 
log a + log COB A. 

9.46982 - 10 
9.57044 
9.04026 - 10 
0.109713. 
0.21943. 



F^ich. 
2F^ch. 
log 2 2?*= log c + log K 



logc 
log A 
log2i?' 
2F 
F 



-9.34130-10 
= 9.43749 - 10 
= 8.77879 - 10 
= 0.060089. 
= 0.03004. 



11. In an isosceles triangle, given 
c = 2.352, C-69°49'; find a, h, 
F. 

i (7= 34° 54' 30"^ 



sin i (7« i^. 
a 



a 



ii-. 



sin i C 
log a = log i c+colog sin i C. 
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logic -0.07041 
cologBin }(7- 0.24240 
log a - 0.31281 
a - 2.0555. 

C081C7--* 
a 

A » a COB } (7. 
log A » loga + log COB } C. 

log a » 0.31281 
log cob} (7- 9.91385 
log h - 0.22666 
h - 1.6852. 





F^icK 




2F^cK 


log 


2 F= log e + log h. 


logc 


- 0.37144 


log^ 


-0.22666 


log2jy' -0.59810 


2F 


= 3.9637. 


F 


- 1.9819. 



12. In an isosceles triangle, given 
*= 7.4847, A= 76° 14^ find a, c, 
F. 

Bin il = — 



o — 



sin.^ 
log a = log h + colog sin il. 

log A « 0.87417 
colog sin A = 0.01266 
log a =0.88683 
a = 7.706. 



tanul-^ 



*c 


n 

tan J. 




logic 


— log A + colog tan J. 


log A 


- 0.87417 




colog tan A 


- 9.38918 - 


-10 


logjc 


- 0.26335 




*c 


- 1.8338. 




e 


- 3.6676. 




F 


-icA. 




logF 


-log}c + 


log /I. 


logic 


- 0.26335 




log^ 


- 0.87417 





log F - 1.13752 
F - 13.725. 

13. In an isosceles triangle, given 
a - 6.71, h - 6.60 ; find A, C, c. 

Bin^l-^. 
a 

log sin ^ — log A + colog a. 

log h - 0.81954 
colog a -9.17328-10 



log sin A 


- 9.99282 


A 


- 79<» 36' 30^'. 





- 20*> 47^ 


COR A 

ic 


a 
— a cos il. 


logic 


— log a + log cos A 


log a 
log COS A 


- 0.82672 
= 9.25617 


logic 
ic 


- 0.08289 
= 1.2103. 


e 


- 2.4206. 



TEAOHEBS' EDITION. 



45 



14. In an isosceles triangle, given 
c-9, A = 20; find ^. CO. 

tan}C-i^. 

A 

log tan }c « log }c + colog h. 

logic « 0.65321 
colog h = 8.69897 - 10 

log ten JC= 9.35218 

} e = 12*> 40^ 49'^ 

C - 25*» 21^ 38^'- 



log A 
cologne 

log tan il 

A 

C 



2A 

A 

Bin-4«^ 



Ob 



log a 

logh 
colog sin A 

log a 
a 



180° - a 

IT 19^ 11'^ 

h 

a 

h 
sin^ 
■ log A + colog sin A 

. 1.30103 
0.01072 

1.31175 
20.5. 



1.54407 

8.13371 - 10 

9.67778 

26<»28^ 

2(90»-il) 

129»4^ 



Bin.d 
log a -logA + cologsiniL 

log h - 1.64407 
colog sin il - 0.36665 

log a 
a 



- 1.91062 
- 81.41. 



16. In an isosceles triangle, given 
h - 16.8, jy- 43.68 ; find A, Q a, c 



'-f 



15. In an isosceles triangle, given 
e - 147, F= 2572.5 ; find A, C, a, h. 

c 
log A = log 2 2^+ colog c. 

log 2 J* =3.71139 
colog c « 7.83268-10 

log A « 1.54407 
h "35. 

ten il = A. 
ie 

log ten il = log A + colog }c 



logjc 

log-P 
colog h 

logjc 



-logf'+colog A. 

- 1.64028 

» 8.77469 -10 

- 0.41497 

-2.60. 

-5.2. 



tenil = -^. 

log ten il = log A + colog }& 

log A - 1.22531 
colog } c = 9.58503 - 10 
log ten il = 10.81034 
il = 81*» 12^ d^\ 

IC =8° 47' 51'^ 

C - ir* 36' 42^'. 
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COS 


a 






log a 


— logic + colog coe 


\A. 


log Jc 


- 0.41497 






colog COfl 


A - 0.81547 






logo 


-1.23044 






a 


-17. 







17. In an isosceles triangle, find 
the value of F in terms of a and c. 
F^ieh, 



aFI 



-V 



4a«-c* 



-}V4a*-c», 

— JcV4a' — c*. 

18. In an isosceles triangle, find 
the value of .Fin terms of a and C. 

.F- i eh. 

}c — asin^C 

A — a cos } C 

.F=» a sin iCxacosiC. 

— a* sin JCcoB JC. 

19. In an isosceles triangle, find 
the value of F in terms of a and A. 

F^ich. 

}c»» a cosil. 
h = asm A. 
.F— a cos J. X a sin A 
» a' sin A cos J.. 

20. In an isosceles triangle, find 
the value of F in terms of h and C. 



F^ i eh. 
}c — A tan J C. 
^-A(^tanJC) 
-A* tan J (7. 

21. A bam is 40 x 80 feet, the 
pitch of the roof is 45°; find the 
length of tlie rafters and the area 
of both sides of the roo£ 

40-»-2-20-ic 

cosJ. — Jc-i-a 

-20 + a. 

20 — acoe A 

20 
a — • 

cos J. 
log a — log 20 + colog cos A. 

log 20 - 1.30103 
colog COS J. — 0.15051 

log a - 1.46154 

a - 28.284. 

28.284 X 80 - 2262.72. 
2262.72 X 2 - 4525.44. 

22. In a unit circle what is the 
length of the chord corresponding 
to ^e angle 45° at the centre ? 



sin i C- 



L« 



log Jc — log a + log sin J C. 
log a - 0.00000 
log sin JC- 9.58284 
log J c - 9.58284 - 10 
Jc -0.382683. 

c - 0.76637. 

23. If the radius of a circle — 30, 
and the length of a chord — 44, find 
the angle at the centre. 
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sin JC 



-L« 



log sin }C» log } e + colog a. 

log i e » 1.34242 
colog a = 8.52288 - 10 
. logsinJC* 9.86630 

} C - 47° 10^. 

C - 94« 20^ 

24. Find the radias of a circle if 
a chord whose length is 5 subtends 
at the centre an angle of 133°. 

Bin } C= i^. 
a 

log a = log } c + colog sin } C. 

logic -0.39794 
colog sin i (7= 003760 

log a » 0.43554 
a - 2.7261. 



25. What is the angle at the cen- 
tre of a circle if the corresponding 
chord is equal to } of the radias ? 



Let a » 3, then c » 2, and J c - 1. 

sin J (7- i. 
3 

log sin } C— log 1 + oolog 3. 

log 1 - 0.00000 
colog 3 « 9.52288 - 10 

log sin }C- 9.52288 

} C - 19° 28^ 16|'^ 

C -38°66'33J^^ 

26. Find the area of a circular 
sector if the radias of the circle » 12 
and the angle of the sector « 30°. 

Area O -> vJ2*. 

30»i2» 



Area sector 



360 



log area sector » log 30 + colog 
360 + log » + 2 log i2. 

log 30 - 1.47712 

- 7.44370 - 10. 
-r 0.49715 

- 2.15836 



colog 360 

log* 
21ogi2 

log area 
Area 



- 1.57633 
- 37.699. 



Exercise VIII. Page 26. 



1. In a regular polygon given 
n = 10, c - 1 ; find r, h, F, 



}C: 



180° 



18°. 



10 
J c - 0.5. 

il-72°. 

A — } e tan A, 

log A » log i e + log tan A, 



log } c 
log tan A 

\ogh 
h 

logr 
log } c 

colog COB A < 

logr 

r 



9.69897 
10.48822 



-10 



0.18719 
1.5388. 



log i e + colog COS A, 

9.69897 - 10 
0.51002 

0.20899 
1.618. 
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\ogh -0.18719 

logp - 1.00000 

\og2F -1.18719 

2F - 15.388 

F - 7.694. 

2. In a regalar polygon given 
n-12,p-70; findr, A, f: 

}C-15o. 
A - 75<>. 

c - 70 + 12 - 5.833. 
}c- 2.917. 
h'=ie tan A. 

logic - 0.46494 
log tan ^ =- 10.57195 



log A 


- 1.03689 


h 


- 10.886. 


• 


r =» } c COB -4. 


logic 


- 0.46494 


COlog COS 


A = 0.58700 


logr 


- 1.05194 


r 


« 11.27. 




F^ihp. 


log A 


= 1.03689 


logp 


- 1.84510 



log 2^ 

2F 

F 



- 2.88199 

- 762.07. 

- 381.04. 



3. In a regular polygon given 
n = 18, r — 1 ; find h, p, F. 

i C= 10°. 
A - 80*». 



h 
logr 
log sin A 

log A 
h 

logr 
log cos A 

logic 
P 



< r sin A, 

0.00000 

> 9.99335 

. 9.99335 
0.9848. 

r cos A, 

0.00000 
9.23967 



9.23967 - 10 

0.17365. 

6.2514. 



log A 
logp 

log2J' 

2F 

F 



F^ihp. 

- 9.99335 

- 0.79598 



-10 



0.78933 
6.1564. 
3.0782. 



4. In a regalar polygon given 
n - 20, r- 20 ; find A, c, F 

ia- 9«. 

A = 81«>. 

A — r sin il. 
log r = 1.30103 
log sin ii = 9.99462 

log h = 1.29565 
h - 19.754. 



Jc 


= r cos A. 


logr 


- 1.30103 


log cos A 


= 9.19433 


logic 


- 0.49536 


ic 


= 3.1286. 


c 


- 6.257. 


p 


= 125:14. 
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F'-ihp, 


logh 


- 1.29566 


logp 


« 2.09740 


log 22?' 


- 3.39305 


2F 


« 2472. 


F 


«1236. 



6. In a regular polygon, given 
n = 8, A = l; findr, c, J^. 

} C= 22? 30^ 

tan}C-V- 
h 

log i c = log ^+log tan }<7. 

log h « 0.00000 

log tan }C « 9.61722 

logjc « 9.61722 -10 

}c = 0.41421. 

e » 0.82842. 



tAniC 



L^. 



cos} (7=.'-^ 




logr = 


' log A + colog C08 


iC 


log^ 


= 0.00000 




colog C0& 


} C - 0.03438 




logr 


-0.03438 




r 


- 1.0824. 

F= i hp. 
^ 3.3137. 





6. In a regular polygon, given 
n - 11. J*= 20 ; find r, A, c. 

2 F'^ph. 

40=i)A. 



11* 



P 



}C=16*'22.^ 



Substitating values of h and c, 

^ 22 p 880 
logp « } (log 880 + log tan i C). 

log 880 » 2.94448 
logtanja - 9.46788 

2)2.41236 
logp - 1.20618 

p - 16.076. 

c - 1.4615. 



BinJC-i^. 



log r = log } c + colog sin } C, 

logjc =9.86376-10 

colog sin }C = 0.55008 

log r = 0.41384 

r = 2.592. 

cos} (7=^. 

r 

log A = log r + log cos }(7. 

log r - 0.41384 

logco8}C = 9.98204 

log h « 0.39588 

A = 2.4882. 

7. In a regular polygon, given 
n = 7, -F= 7 ; find r, A, p. 

14 =pA. 
P 

} C= 25° 43^ 
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A 

' 14 |) 196 
logP - i (log 1^ + log tan J O)- 

log 196 - 2.29226 
log tan }C -9.68271 





2) 1.97497 


logp 


- 0.98749 


p 


- 9.716. 


Jc 


- 0.694. 


tan 


K-V- 



log A » log }c + colog tan } C 

logje -9.84136-10 

colog ten} C - 0.31729 

log h » 0.15865 

h - 1.441. 

Bin } C7- i^. 

r 

log r — log } c + colog sin } C. 

logic -9.84136-10 

colog sin } C - 0.36259 

log r - 0.20395 

r - 1.5994. 

8. Find the side of a regalar 
decagon inscribed in a unit circle. 

} C- 18^ 

sin } C- i^. 

r 

Log c = log 3+log sin } C, 

log 2 -0.30103 

logsiniC - 9.48998 

log c - 9.79101 - 10 

c - 0.6181. 



9. Find the side of a regular 
decagon circumscribed about a unit 
circle. 

J(7-18^ 

tan}(7-i^. 
h 

log } c = log A + log tan } G 

log h - 0.00000 

log ten t C - 9.51178 

logic -9.51178-10 

ie -0.32492. 

e - 0.64984. 

10. If the sides of an inscribed 
regular hexagon is equal to 1, find 
the side of an inscribed regular do- 
decagon. 

Let O be the centre of the circle, 
BC& side of the hexagon, and BA 
a side of the dodecagon. Also let 
OD he ± to BA, 

Then OB - 5(7- 1. 

Z BOD - W. 

In rt. A ODB 

Bin BOD = iAB+ OB 

AB ^ 2 OB X Bin BOD. 
log AB - log 20B + log sin BOD, 

log 2 OB - 0.30103 
logsinl5*» - 9.41300 

log AB - 9.71403 - 10 
AB - 0.51764. 

11. Given n and e, and let b 
denote the side of the inscribed reg- 
ular polygon having 2 n sides ; find 
^ i^^ psrmB of n and e, 

JjBt )>^ ^Q centre of the cir- 
cle, BG ^ §\^ 9f jt^e polygon 
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having n sides, BA the side of the 
polygon having 2n sides. Then 
OA is ± to BC at ita middle point 
D. 

360<» 18(y> 



ZBOA 



ZOBC=90P- 



2n n 
18(y> 



n 



The A BOA is isosceles. 
.\ZOBA=-(lSQP-'^^ 

90« 



?) 



90°- 



n 



«(90O-^)-(90O-l^] 



_90^ 
n 

}c 90<» , 
V^cos .-. }c 

6 71 

Whence, 



dcos 



90° 

■ ■ • 

n 



cos 



90^ 
n 



2coB?2! 
n 



12. Compute the difference be- 
tween the areas of a regular octa- 
gon and a regnlar nonagon if the 
perimeter of each is 16. 

' 271 16 



180° 



n 



- 22° 30^ 



log A 

log }c 
log cot A 

log A 



log } c + log cot A. 

0.00000 
10.38278 

0.38278 



log-P-log A-i-logjIp. 

log h - 0.38278 

log ip - 0.90309 

log F - 1.28687 

F - 19.3139. 



Af» 

log hf 

log}(/ 
log cot A' « 

log W 

logi^ 

log V 
log Jp 

logi?^ 
Ff-F 



- 15.0.8889. 



Inf 18 
180° 



20°. 



71' 



'log}c^+logcotil^ 

. 9.94886-10 
1043893 

. 0.38778 
log A'+ log \p. 

0.38778 
0.90309 



- 1.29087 

- 19.6377. 

- 19.6377 - 19.3139 

- 0.2238. 



13. Compute the difference be- 
tween the perimeters of a regular 
pentagon and a regular hexagon if 
the area of each is 12. 



F 



12. 71 

180° 



5 
F^\hp. 

271 



6. 

= 36°. 



}c 



10 



tan}C7-i5 = 12 = ^ 
' A 24 240 
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p* - 240 tan } C. 

log 240 - 2.38021 
log tan } a »> 9.86126 





2)2.24147 


logp 


- 1.12074 


!» 


= 13.205. 




n-6, }(7=30*>. 


tan 


* 24 288 




/>' 




p^- 288 tan \ (7. 


log 288 


- 2.45939 


log tan 


} (7- 9.76144 




2) 2.22083 



log;)/ 



-1.11042 
-12.895. 
- 0.310. 



14. From a sqnare whose side is 
equal to 1 the corners are cut away 
so that a regular octagon is left. 
Find the area of this octagon. 

A = 90*»- 22** 30/ 
« 6r 30/. 

tanil = A. 

^ tanil 
log J c = log h + colog tan A. 

log h = 9.69897 - 10 

colog tan -4 = 9.61 722 - 10 

logic - 9.31619 - 10 



|) = }cx 2n = ?ic. 

log .F= log J c + log }n. 

log}c =9.31619-10 

logjn - 0.60206 

log F = 9.91825 - 10 

F - 0.82842. 

15. Find the area of a regular 
pentagon if its diagonals are each 
equal to 12. 

C 




ZAOD^ 

ZAOC^ 
ZACD^ 

ZOAD = 
ZDAC=' 

cosi)ilC= 

logic- 

log cos 72° = 
log 12 

logjc 



180*> 
n 



36°. 



180»-36° = 144°. 

J (180° -144°) 

18°=ZC40. 

90°-i:14OZ)=54°. 

54° +18° = 72°. 

AD ic 
AO"^ 12 

Iogl2 + logcofl72°. 

9.48998 
1.07918 

0.56916 
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tan DAO 

log A 

logic 

log tan 54® ■■ 

log A 



log J c +log tan 54°. 

= 0.56916 
-1013874 

= 0.70790 



\ogF^ 



logic 
log n 
log A 

log-P 
F 



}cx2n. 

log }c4-.log n+log A. 

0.56916 
0.69897 
0.70790 

1.97603 
94.63. 



16. The area of an inscribed reg- 
ular pentagon is 331.8; find the 
area of a regular polygon of 11 sides 
inscribed in the same circle. 

Let- J^ be a side of a regular in- 
scribed pentagon, and AD the side 
of a regular inscribed polygon of 11 
sides. 

Let R be the radius of the circle 
whose centre is 0, and h and h^ the 
apothems of the 2 polygons, respec^ 
lively. , 

Giveii F the area of pentagon 
- 331.8. Find F^, the area of 11- 
sided polygon. 

Let^ and p' and c and cf repre- 
sent the perimeters and sides of the 
pentagon and 11 -sided polygon, re-i 

spectively. 

F^ \ph, 

331.8 = \ph. ' 

ph = 663.6. [ 

I 663.6 ! 



Z AOE'^ 36^ 

tan 36<» - * ^ - 
h 



10 663.6 



6636 
log I)* - log tan 36°-}- log 6636. 

log 6636 - 3.82191 
log tan 36° '* 9.86126 

logp» -3.68317 

log|7 -1.84159 

Since Jc — ^^ofp, 
log Ic- 0.84159. 

sinZilO^-i^. 
B 

log i2 - log } c -I- colog sin 36°. 

logic -0.84159 

colog sin 36° - 0.23078 

log-B 



ZAOC 



- 1.07237 

360° 
22 



16°21^49^^ 



BinZilO(7-}c^-f-i2. 

log B = 1.07237 

logsinilOC= 9^44985 

log i c^ - 0.52222 

t«n AOQ^ ^. 

log A''— log Jc'-h colog tan AOC, 

logjc^ =0.52222 
colog tan ilOa= 0.53220 

log h^ - 1.05442 
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-}</xiixK 

log}</ -0.52222 

log 11 -1.04139 

log V - 1.05442 

log F - 2.61803 

F - 414.99. 



17. The perimeter of an equilat- 
eral triangle is 20 ; find the area of 
the inscribed circle. ' 



18. The area of a regular poly- 
gon of 16 sides, inscribed in a circle, 
is 100; find the area of a regular 
polygon of 15 sides, inscribed in the 
same circle. 

J (7- ??? - ll^* 15^. 




A ^ 



Perimeter -■ 
AB 
AOAB 

tan 30° 

log AB 
log tan 30*> 
logr 

Area 

logw 
logr* 
log area 
Area 



2a 

JX20-V. 

J of 180° -30°. 

r 
AB 



- 0.52288 

- 9.76144 
» 0.28432 

=* m . 
-0.49715 

- 0.56864 
-1.06579 
- 11.636. 



\(y^ 



-12°. 



32 

360^ 
30 

Let AC^ \ 

AB^r, * 

BC^\c. 

F=ihp. 

100- }Ap. 
A-200. 

P 

P_ 
32 

^^*^=2^ 
P 
p«-6400tan}a 

log 6400 - 3.80618 
log tan } C - 9.29866 

2 )3.10484 

- 1.55242 

- 35.68. 
}c- 35.68 + 32 

- 1.115. 

Bin}C-i-^-l:il5. 
r r 

log iai5 - 0.04727 

cologsiniC - 0.70976 

log r - 0.75703 

-^ - cos } (7 (12°). 
^^ - r X cofl } (T'. 



logp 
P 
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logr 

log COB J C 

log A' 

r 

log r 

log sin J C 

log}</ 



logiJ'^log} 

log}(/ 
log 15 
log h^ 



= 0.75703 
== 9.99040 
= 0.74743 

= sin } (y. 

»= r X sin } 0^. 

« 0.75703 
= 9.31788 

« 0.07491 

-l(fx..v} 

c'+logn + logV. 
= 0.07491 
- 1.17609 
■• 0.74743 

1.99843 
-F' = 99.640. 

19. A regular dodecagon is cir- 
cumscribed about a circle, the cir- 
cumference of which is equal to 1 ; 
find the perimeter of the dodecagon. 

Given circumference of inscribed 
0=1, n=12; find|). 

2Tr=' circumference. 



r = 



circ. 



J(7-3§0!_i5o 



20. The area of a regular poly- 
gon of 25 sides is equal to 40 ; find 
the area of the ring comprised be- 
tween the circumferences of the in- 
scribed and the circomscribed circles. 

} c- r 12^ 

2n 

or ii^-Unja 

tan I a 

log 1.6 - 0.20412 

colog tan i (7 - 0.89850 

log A« - 1.10262 

log h - 0.55131. 



h 

r 



24 



tanl5<> 



= L« = 



c = 



r 

tan 15° 



log A 

colog COS } C 

logr 
logr* 



cos }(7. 

A 
COS |C 
0.55131 
0.00344 

0.55475 
1.10950. 



3.1416 
log tan 15° = 9.42805 
colog 3.1416 == 9.50284 - 10 

log c = 8.93089 - 10 

log 12 =1.07918 

logp 
P 



= 0.01007 
= 1.0235. 



TT* =» area of circumscribed 0. 
log IT « 0.49715 

log r* = 1.10950 

log F « 1.60665 

F = 40.425. 

log IT = 0.49715 

log A« = 1.10262 

log irA« = 1.59977 

Area = 39. 790,(in8crib'd O) 

40.425 - 39.790 = 0.635. 
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Exercise IX. Page 36. 

1. Constrnct the functions of an 239® U in Quadrant III. 
angle in Quadrant II. What are 
their signs ? 

Sines and tangents extending up- 
wards from horizontal diameter are 
positive ; downwards, negative. Co- 
sines and cotangents extending from 
vertical diameter towards the right 
are positive ; towards the left, nega- 
tive. Signs of secant and cosecant 
are made to agree with cosine and 
sine, respectively. Hence, 

sin and esc are + 
cos and sec are — 
tan and cot are — 



2. Construct the functions of an 
angle in Quadrant III. What are 
their signs ? 

sin and esc are — 
cos and sec are — 
tan and cot are + 

3. Construct the functions of an 
angle in Quadrant IV. What are 
their signs ? 

sin and esc are — 
cos and sec are + 
tan and cot are — 

4. What are the signs of the 
functions of the following angles : 
340°, 239°, 145°, 400°, 700°, 1200°, 
3800°? 

340° is in Quadrant IV. 

Bin = — tan = — sec = + 

cos = + cot =» — CSC = — 



Bin — — tan »- + 




cos — — cot = + 


C8C = — 


145° is in Quadrant II. 




sin =- + tan = — 


8ec = — 


COB = — cot =» — 


CSC« + 



400-360° + 40" - signs of func- 
tions of 40°. 

40° is in Quadrant I. 
sin = + tan = + sec = + 

COB = + cot = + CSC = + 



700° « 360° + 340° - signs of the 
functions of 340°. 

340° is in Quadrant IV. 
sin = — tan =- — sec » + 

cos — + cot = — CBC = — 

1200° = 3 X 360° + 120° = signs 
of the functions of 120°. 

120° is in Quadrant II. 
sin = + tan = — sec = — 

COB = — cot = — CSC = + 

3800° = 10 X 360° + 200° = signs 
of the functions of 200°. 

200° is in Quadrant III. 
sin = — tan = + sec = — 

cos =» — cot =» + CSC = — 

5. How many angles less than 
360° have the value of the sine 
equal to + f , and in what quad- 
rants do they lie ? 
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Since the sine is +, by 2 24, the 
angles can lie in bnt two quadrants, 
the first and second. 

In the first quadrant, by { 3, the 
sine increases from to 1, and in 
the second, decreases from 1 to 0. 
This is a continually increasing and 
decreasing quantity. 

Therefore there can be but one 
angle whose sine is equal to + f in 
each quadrant, the first and second. 

6. How many values less than 
720° can the angle x have if cos x 
= +}, and in what quadrants do 
they lie ? 

720° is twice 360°; hence the 
moving radius will make exactly 2 
complete revolutions. 

The cosine has the + sign in the 
first and fourth quadrants, hence it 
will have four values : two in Quad- 
rant I. and two in Quadrant IV. 

7. If we tiBkke into account only 
angles less than 180°, how many 
values can x have if sin a; « ^ ? if 
cos ap = J? ifco8aj= — J?if tan x 
= 1? ifcota; = -7? 

(i.) Sign being +, the angle can 
be in Quadrant I. or II. 

.-. two values, one in Quadrant I. 
and one in Quadrant II. 

(ii.) Sign being +, the angle is in 
Quadrant I. or IV. 

.*. two values, one in Quadrant I. 
and one in Quadrant IV. 

(iii.) Sign being — , the angle can 
be in Quadrant II. or III. 

.'. two values, one in Quadrant II. 
and one in Quadrant III. 

(iv.) Sign being +, the angle can 
be in Quadrant I. or III. 



.*. two values, one in Quadrant I. 
and one in Quadrant IIL 

(v.) Sign being — , the angle can 
be in Quadrant II. or IV. 

.'. two values, one in Quadrant II. 
and one in Quadrant IV. 

8. Within what limits must the 
angle « lie if cos x «- — { ? if cot « 
«4? ifsec«-80? ifc8cx--3? 
(x to be less than 360°.) 

If cos X — — {, X must lie in the 
second or third quadrant, or between 
90° and 270°. 

If cot X = 4, X is between 0° and 
90°, or 180° and 270°. 

If sec X » 80, X is between 0^ and 
90° or 270° and 360°. 

If CSC X = — 3, X is between 180° 
and 360°. 

9. In what quadrant does an 
angle lie if sine and cosine are both 
negative ? if cosine and tangent are 
both negative ? if the cotangent is 
positive and the sine negative ? 

(i.) Sine is negative in Quadrants 
II. and III. ; cosine is negative in 
Quadrants III. and IV. 

.'. angles having both sine and 
cosine negative are in Quadrant 
III. 

(ii.) Cosine is negative in Quad- 
rants II. and III. ; tangent is nega- 
tive in quadrants II. and IV. 

.*. angles having both cosine and 
tangent negative are in Quadrant 
II. 

(iii.) Cotangent is positive in 
Quadrants I. and III. ; sine is neg- 
ative in Quadrants III. and IV. 

.'. angles having cotangent posi- 
tive and sine negative are in Quad- 
rant III. 
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10. Between 0^ and 3600° how 
many angles are there whose sines 
have the absolute value {? Of 
these sines how many are positive 
and how many negative ? 

Between O^' and 3600° there are 
10 revolutions, and in each there 
are 4 angles whose sines have the 
absolute value |. .'. there are 40 
angles. The sine is positive in 
Quadranta I. and II., and negative 
ing Quadrants III. and IV. .*. there 
are 20 angles with the sine positive, 
and 20 with the sine negative. 

11. In finding cos x by means of 
the equation cos x =» ± Vl — sin^ x, 
when must we choose the positive 
sign and when the negative sign ? 

Since cosines only of angles in 
Quadrants I. or IV. are positive, we 
use the sign + only when angle x 
lies within these limits. 

Also, since cosines of angles in 
Quadrants II. and III. are nega- 
tive, we use the sign — , when x is 
known to lie in either of these. 

12. Given cosx - — "n/J ; find the 
other functions when a; is an angle 
in Quadrant II. 

Bin*x + cos'o: = 1. 



sm X 



vr^ 



cos* as 



1 1 /5 

CSC » = -: =■ — — =» V ^. 

sinx y/^ 

sec X « = = — V5. 

cos a: —V} 

. sin X y/i •■ 

tans = = — *- = — 1. 



cotx — 






tanx 
cotx 

tanx~ 



JV3. 



cos* "VJ 



tan« — 1 

13. Given tan x — V3 ; find the 
other functions when x is an angle 
in Quadrant III. 

V3. 

J_ 

V3 

sinop 

cosz 

tan X X cos 2 » sin x, 
V3 cos X » sin x. 

3 cos'x — sin*x -» 

cos'x + sin'x -= I 

— 

4 cos'x ■» 1 
coe'x e» J 

cos X » i: }. 

The angle being in Quadrant III. 
the cosine is negative. 

.*. cos X «» — }. 
sin X - Vl - (- J)« 
-V| = ±i>/3. 
Sine is negative. 

.*. sin X = — } Vs. 
1 



secx = 



-i 



-2. 



cscx 



-}V3 



-?V3. 



14. Given sec x = + 7, and tan x 
negative; find the other functions 
of X. 

X must be in Quadrant IV. 

.'. sine, cosine, tangent, and co- 
tangent will be negative, and cosine 
positive. 
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C08a;» 



sec a; 7 



sin a; 



C8CX» 



\ 49 ^49 

1 1 



tana;» 



cotx» 



-AV3. 

cos a; f 

-4V3. 
1 1 



tana; 4^^ 

15. Given cota;» — 3; find all 
the possible valu^ of the other 
functions. 

By [3] tan « « — J, and may be 
in Quadrant II. or IV. 

By [1]. 

sin'a? =« 1 — cos'o?. 



Bina;» 


VI — coB^a;. 


By [2]. 




1_ 

3*° 


VI — cos'a; 
cos a; 


1 


1 — cos'a? 


9 


cos'a? 


cos'a; = 


9 — 9 cos'a;. 


coB'aj = 


9 
10 


C06a;» 


Vio 



and is — in Quadrant II., + in IV. 



By [11 

8in«-'Jl-i---%/l 
^ 10 ^10 

-AVio. 

and ii -(• in Qoadrani II., * in IV. 



sees 



-^-*Vio. 



18. What fonctioiiB of an angle 
of a triangle may be negative 7 In 
what case are they negative 7 

When an angle of a triangle is 
acute, ita functions are all positive. 
When an angle is obtuse, its func- 
tions are those of an angle in Quad- 
rant II. 

.*. sine and cosecant are positive, 
and cosine, tangent, cotangent, and 
secant are negative. 

17. What functions of an angle 
of a triangle determine the angle, 
and what functions fail to do so ? 

The sine and cosecant being posi- 
tive in the first and second quad- 
rant, leave it doubtful whether the 
angle is obtuse or acute ; but the 
other fanctions, if positive, deter- 
mine an angle in the first quadrant, 
that is to say, an acute angle ; if 
negative, an angle in the second 
quadrant, an obtuse angle. 

18. Why may cot 360** be con- 
sidered equal either to + <3o or to 
~oo7 

The nearer an acute angle is to 
0°, the greater the positive value of 
its cotangent; and the nearer an 
angle is to 360^, the greater the 



60 



TBIOONOMETET. 



negative value of its cotangent. 
When the angle is 0° or 360°, co- 
tangent is parallel to the horizontal 
diameter and cannot meet it. Bat 
cotangent 360° may be regarded 
as extending either in the positive 
or in the negative direction; and 
hence either + «> or — oo . 


(in.) 
cot 270° - 0. 

tan270°«i = oo. 


COB 270° Q 

Bin 270° "^ ' 

cos 270° - sin 270° = 0. 


19. Obtain by means of Formu- 
las [l]-[3] the other Ainctions of 
tiie angles given : 

(i.) tan 90° - 00. 

(ii.) COB 180° - - 1. 


sin«270° + coB«270° = l. 
Bin* 270° -h 0-1. 
sin* 270° -1. 
sin 270° - - 1. 


(iii.) cot 270° - 0. 




(iv) 


(iv.) CBC 360° - - 00. 




CBC 360° - - OO. 


(i.) 

tan90°-oo-l. 





sin 360°- ^ - 0. 

— 00 

Bin«360° + co8«360°-l. 


cot90°«;i-0. 

00 




co8«360°-l. 


sin 90° 1 




cos 360° - 1. 


COB 90° 

COB 90° «0 sin 90° = 


0. 


tan360°-""^~ 0. 


cos« 90° -h Bin* 90° = 


1. 


cot 360°- \- 00. 
-0 


Bin« 90° - 1. 




sin 90° - 1. 

(ii.) 
COB 180° « - 1. 
Bin» 180° + C08» 180° 
Bin» 180° + 1 = 1. 


-1. 


20. Find the values of sin 450°, 
tan 540°, cos 630°, cot 720°, sin 810°, 
CBC 900°. 

sin 450° - sin (360° + 90°) 

-sin 90° 

— 1 


Bin 180° = 0. 

COB 180° 
«-0. 




-1 


tan 540° = tan (360° -H 180°) 
= tan 180° 
-0. 


Bin 180° 


-1 




COB 630° = COB (360° + 270°) 
= COB 270° 


= — 00. 




-0. 
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cot 72(y* 



cot(360»4-360*0 
cot 360° 



00. 



Bin SIO** - sin (2 X 360« + 90°) 
- Bin 90° 

C8C 900° = CSC (2 X 360°+180°) 
-CSC 180° 

— 00. 

21. For what angle in each 
qnadrant are the ahsolnte values of 
Uie sine and cosine alike ? 

The sine and cosine of 45° are 
equal in absolute value. Corre- 
sponding to the angle of 45° in the 
first qnadrant are the angles (90° + 
45°). (180° + 45°), (270° + 45°) in 
the second, third, and fourth quad- 
rants. Hence the sines and cosines 
of 45°, 135°, 225°, 315°, etc.. are all 
equal in absolute value. 

82. Compute the value of 
O8in0° + ftoo8 9a°-ctanl80°. 

BinO° =0. 

cos 90° -0. 

tanl80°-0. 



Substituting, 

axO + 6xO-«xO-0. 

23. Compute the value of 

a cos 90° - d tan 180° + e cot 90°. 

COB 90° -0. 

tanl80°-0. 

cot 90° -0. 
Substituting, 

axO — 6x0 + «x0-0. 

24. Compute the value of 

a sin 90° -ft cos 360° 

+ (a - ft) cos 180°. 

Bin 90° -1. 
cos 360° - 1. 
oosl80°--l. 

Substituting, 

axl-ftXl+(a-ft)x-l-0. 

26. Compute the value of 
(a«-ft»)coB 360°- 4 oft Bin 270°. 

cos 360° - 1, 

sin 270° - - 1. 
Substituting, 

(a»-ft«)Xl-4aftx-l 
— a"-ft* + 4aft. 



Exercise X. Pagtb 41. 



2. Express sin 172° in terms of 

the functions of angles less than 

45°. 

Bin 172° - sin (180° - 8°) 

- sin 8°. 

8. Express eosK^ in terms of 
the fonctions of angles less than 
45°. 



cos 100° -cos (90° + 10°) 
- - sin 10°. 



4. Express tan 125° in terms of 
the functions of angles less than 
45°. 

fcanl'25°-t»n(90°-35°) 

- - cot 35°. 
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5. Express 
the functioDfl 

cot 91*» - 



6. Express 
the fanctions 

secllO" 



7. Express 
the fanctions 

C8cl5T* 



8. Express 
the fanctions 

flin204<» 



cot 91® in terms of 
of Angles less than 

.cot(90« + r) 
. - tan 1«. 

sec 110® in terms of 
of angles lees than 

- sec (90® + 20®) 

- - CSC 20®. 

CSC 157® in terms of 
of angles less than 

-CSC (180® -23®) 
-CSC 23®. 

sin 204® in terms of 
of angles less than 

- sin (180® + 24®) 

- - sin 24®. 



9. Express cos 359® in terms of 

the fanctions of angles less than 

45®. 

cos 359® - COB (360® - 1®) 

- COS 1®. 

10. Express tan 300® in terms of 

the fanctions of angles less than 

46®. 

tan 300® - tan (270® + 30®) 

--cot 30®. 

11. Express cot 264® in terms of 

the fanctions of angles less than 

45®. 

cot 264® - cot (270® - 6®) 

- tan 6®. 

12. Express sec 244® in terms of 

the fanctions of angles lees than 

45® 

sec 244® -sec (270® -26®) 

--C8c26®. 



13. Express esc 271® in terms of 

the fanctions of angles less than 

46®. 

CSC 271® - CSC (270® - 1®) 

-—seel®. 

14. Express sin 163® 49^ in terms 
of the functions of angles less than 
45®. 

sin 163® 49^- sin (180®- 16® 110 

- sin 16® 11^ 

15. Express cos 195® 33^ in terms 
of the fanctions of angles less than 
45®. 

cos 195® 33^- cos (180®+ 15® 330 

- - cos 15® 33^ 

18. Express tan 269® 15^ in terms 
of the fanctions of angles less than 
45®. 

tan 269® 15^- tan (270®- 450 

-cot45^ 

17. Express cot 139® 17^ in terms 
of the fanctions of angles less than 
45®. 

cot 139® 17'- cot (180®- 40® 430 

--cot40®43^ 

18. Express sec 299® 45^ in terms 
of the fanctions of angles lees than 
45®. 

sec 299® 45'- sec (270®+ 29® 450 
-csc29®45'. 

19. Express esc 92® 25' in terms 
of the functions of angles less than 
45®. 

CSC 92® 25'- CSC (90®+ 2® 250 

-sec 2® 25'. 

20. Express all the fanctions of 
— 75® in terms of those of positive 
angles lees than 45®. 
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Bin (- 75°) 
COB (- 75») 
tan(-75«>) 
cot(-750) 



- Bin (270° 4- 15«) 

- - COB 15<*. 

- COB (270° + 16<») 

- sin 16^ 
-tan(270*» + 15«>) 

- - cot 15«. 

- cot (270** + 15*») 

- - tan 15^ 



21. Express all the functions of 
— 127° in terms of those of poative 
angles less than 45°. 

sin (- 127°) - sin (270° - 37°) 

- — cos 37°. 

cos (- 127°) - cos (270° - 37°) 

- — sin 37°. 

tan (- 127°) - tan(270° - 37°) 

-cot 37°. 
cot (- 127°) - cot (270° - 37°) 

-tan 37°. 

22. Express all the fdnctions of 
— 200° in terms of those of positive 
angles less than 45°. 

sin (- 200°) - sin (180° - 20°) 

- sin 20°. 
cos(- 200°) - COB (180°- 20°) 

--cos 20°. 
tan(- 200°) - tan (180° - 20°) 

--tan 20°. 
cot (- 200°) - cot (180° - 20°) 

--cot 20°. 



23. Express all the functions of 
— 345° in terms of those of positive 
angles less than 45°. 

Bin (- 345°) - sin 15°, etc. 



24. Express all the functions of 

— 52° 37^ in terms of those of posi- 
tive angles less than 45°. 

sin (- 62° 370 - «n (270°- 37° 230 
--cos3r23^ 

coe (- 62° 370 - cos (270°+ 37° 230 

- sin 37° 23^ 

tan(- 62° 370 - ^^ (270°+ 37° 230 

- - cot 37° 23^ 

cot (- 62° 370 - co^ (270°+ 37° 230 
--tan 37° 23'. 

26. Express all the functions of 

— 19d° 64^ in terms of those of posi- 
tive angles less than 45°. 

Bin (- 196° 640 - "n (180°-16° 640 

-sinl6°54^ 

coe (- 196° 640 - cos (180°-16°640 

--cosl6°64^ 

tan(-19e°640-tan(180°-16°640 

— tanl6°54'. 

cot (- 196° 640 - cot (180°-16° 540 

--cotl6°54^ 

26. Find the functions of 120°. 

sin 120° - sin (90° + 30°) - cos 30° 

-fV3. 

cos 120° - cos (90° + 30°) 
--sin 30°--}. 

tan 120° -tan (90° + 30°) 

--tan30°--V5. 

cot 120° - cot (90° + 30°) 

--cot30°--jV3. 
8ecl20°--2. 
CSC 120° - f V3. 
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27. Find the functionB of 135^ 
sin 135*» - Bin (90* + 45«) 

cos 136*» - COB (9(y 4- 45*') 

--Bin45«--}>/2. 

tanl35--?ilLi||!--l. 
cos 136*» 

cot 136*» - ??^i^ - - 1. 



86C 1350 * 
C8cl35«- 



sin 135« 
1 



V2. 



006 13d<* 
Bin 1350 



2& Find the functions of 150^. 
Binl5(y-i!in(180^-3(y>) 

» sin 30° » i 
coe 150*» - COB (180« - 3(y>) 

--cob30'--}V3. 
tanl50«» - tan (ISO** - 30<') 

sin 30^ 



-tan80<* 



-cos 30° 



iV3. 

cot 150* - cot (180° - 80^) 



- - cot 30*» 



T- COB 30° 

Bin 30° 



--V3. 
sec 150° = sec (180^ - 30°) 
--sec 30° 



- COS 30° 
§V3. 

CSC 150° « CSC (180° - 30°) 

1 



CSC 30° 
2. 



sin 30° 



29. Find the functions of 210°. 
sin 210° - sin (180° + 30°) 

--sin 30°--}. 
COB 210° « cos (180° + 30°) 

--cos 30°:--} Vs. 
tan 210° -tan (180° + 30°) 

«tan30°-J\/3. 
cot 210° - cot (180° + 30°) 
- cot 30° - V3. 

30. Find the functions of 225^ 
sin 225° « sin (180° + 45°) 

--Bin45°--}V2. 
COB 225° - COB (180° + 46°) 

--oob46°--}V2. 
tan 225° - tan(180° + 46°) 

-tan46°-l. 
cot 226«> - cot (180° + 45°) 

-.cot45°=-l. 

31. Find the functions of 240^ 
sin 240° -sin (270° -30°) 

--co8 30° = -}V3. 

COB 240° - cos (270° - 30°) 

^ -sin 30°--}. 

tan 240° «- tan (270° -30°) 

^cot30°- Vs. 
cot 240° - cot (270° - 30°) 
-tan30°-}V3. 

32. Find the functions of 300°. 
sin 300° - sin (270° + 30°) 

--co8 30°--}V3. 
cos 300° - cos (270° + 30°) 
-sin 30°-}. 
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tan 300«> = tan (270** + 30») 

= - cot 30<» - - \/3. 

cot 300<» = cot (27(y» + 30°) 

«-tan30o JV3. 

33. Find the functions of - 30°. 
8in~30° = -8in30°--f 
cos - 30° = cos 30° =» } V3. 
tan - 30° = - tan 30° = - i VS. 
cot - 30° = - cot 30° = - Vs. 
sec - 30° = sec 30° = } V3. 
C8C - 30° = - CSC 30° « - 2. 

34. Find the functions of -225^ 
- 225° = 90° + 45°. 

sin - 225° = sin (90° + 46°) 
« cos 45° - iV2. 

COB - 225° = cos (90° + 45°) 

= -sin45° = -}VS. 

tan- 225° « tan(90° + 46°) 
= -cot45°--l. 

cot - 225° - cot (90° + 46°) 
«-tan45°--l. 
1 



sec - 225° = 



cos (90° 4- 45°) 
--V2. 

^ V2. 



• esc - 225° = — 

sin (90° + 45°) 

35. Qiven sin a; — — Vj, and cosx 
negative; find the other functions 
of Xf and the value of x. 

Since sin 45° = V'j, and the signs 
of both the sine and cosine are neg- 
ative, the angle must be in Quadrant 
III., and must be, therefore, 

180° + 45° = 225°. 

Then cos 45° =\/}. 

Hence cos (180° + 45°) « - Vj. 



tan(180°4-45°)- 



Rin225° 



cot (180° + 45°) 
sec 225° » 



cos 225° 

1 



tan 225° 
1 1 



-L 



COB 225° _ Vj 
— V2. 

C8C 225°- — - — = -J— 
sin 225° _^ 

--V2. 

36. Given cot x » — VS, and x in 
Quadrant II. ; find the other func- 
tions of X, and ike value of x. 

Since cot 30° — V^, and the sign 
is negative, the angle is in Quad- 
rant II. 

I 1 



tanx 



sin X 



cotoj — V3 

J Vs. 



JV3. 



cosx 

sin x = — jV3cos«. 

sin'a; =» i cos'x. 

But sin'x + co8*x -= 1, 
.'. J cos'x + cos'x = 1 ; 



and 



and 



cos*x = 


"4 




COS x = 


'JV3; 




sin'x « 


1 

4 




sin X » 


1 
2 




sec x^ 


1 

C08X 


}V3. 


C8CX«= 


1 


2. 



smx 
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37. Find 
sin 300^ » 



the funciionB of 3540°. 
X 360<> -»- 300°. 

. sin (360* -W*) 

-sin 60°-- J VS. 

coe 300^ - eoB (360P - 60°) 



tan 300°- 



eat900°- 



seeSOCP — 

cscSOO'- 



co6 60°-i. 

sin 300° ^ - i V3 
coftSOO^" i 

-Vs. 

iwa300°"_V3 

-iVa. 

^ I-2L 



€m300» i 
1 I 



■in 300» - J Va 

-|V5. 



8& What angles I«» than 360^ 
have a sina equal to — } 7 a tangent 
equal to — VS ? 

(i.) Since sin 30^— ( and the sign 
is negative, the ang^e most be in 
Quadrant III. or IV., and most be 
ther«fore 180° ^- 30^ - 210^, or 360° 
-30°-330°. 

(ii.) SSnco tan60^— Vs and tho 
sign is negative, the angle must be 
in Quadrant II. or IV., and mnst 
be therefore 180° - 60° - 120°, or 
360° -60° -300^. 



Which of the angles men- 
tioned in Examples 27-34 have a 
cosine equal to — V| ? a cotangent 
equal to - V3 ? 

(i.) Since C08 45°— VJ and the 
sign is negative, the angle must ba 



in Quadrant II. or III., and must 
be therefore 180° - 45° - 135°, or 
180° + 45° - 225°. Also, the func- 
tions of — 225° are the same as the 
functions of 300° - 225° - 135°. 
Hence the angles are 135°, 225°, or 
-225°. 

(ii.) Since cot 30° - V3 and tbe 
sign is negative, the angle most be 
in Quadrant IL or IV., and must 
be therefore 180^ - 30° - 150^, or 
360° - 30° - 330°, or - 30°. Hence 
the angles are 150° or - 30°. 

40. What values of or between (F 
and 720° will satisfy the equation 
sinx— -i-l? 

Since sin 30° — } and the sign is 
positive, the angle must be in Quad- 
rant I. or 11^ and must be therefore 
30°, or 180°- 30° = 150°, the first 
revolution. In the second revolu- 
tion^ these angles must be increased 
by 360°. Hence the angles are 30°, 
150°, 390°, and 510°. 

41.' Id each of the following cases 
find the other angle between 0° and 
360^ for which the corresponding 
function (sign included) has the 
same value : sin 1 2°, cos 26°, tan 45°, 
cot 72° ; sin 191°, cos 120°, tan 244°, 
cot 357°. 

In order that the sign shall be 
the same, 

sin 12° must be in Quadrant II. 

-sin(180P- 12°) - sin 168°: 
cos 26° must be in Quadrant IV. 

= cos (360° - 26°) - cos 334^ 
tan 45° must be in Quadrant III. 

» tan (180^ + 45°) - tan 2251°. 
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cot 72° must be in Quadrant III. 

-= cot (ISO** + 72**) - cot 252°. 
sin 191** must be in Quadrant IV. 

« sin (360° - 11°) - sin 349°. 
cos 120° must be in Quadrant III. 

= COB (180° + 60°) - cos 240°. 
tan 244° must be in Quadrant I. 

= tan(244° - 180°) - tan 64°. 
cot 357° must be in Quadrant II. 

« cot (357° - 180°) = cot 177°. 

42. Given tan 238° - 1.6 ; find 

sin 122°. 

tan 238° -tan (180° + 68°) 

« tan 58°. 
sin 122° « sin (180° - 58°) 
-. sin 58°. 
But tan 238° - 1.6. 
/. tan 58° « 1.6. 

sin 58° 



tan58° = 
1.6 = 



cos 58° 
sin 58° 



Vl -lin»58° 
2.56 - 2.56 Bin»58° « sin* 58°. 
3.56 sin*58°- 2.56. 

« 0.848. 

43. Given cos 333° = 0.89 ; find 
tan 117°. 

cos 333° = 0.89. 

- cos (270° + 63°) 
« sin 63° 
« tan (180° -63°) 
=. - tan 63°. 
sin" 63° + cos* 63° - 1. 
(0.89)» + co8« 63° = 1. 



co8«63° 
cot 63° 



-tan 63° 



0.2079. 
0.456. 
sin 63° 



cos 63° 
089 
0.456 



1.952. 



44. Simplify the expression 
acoB(90°-«) + 6cos(90° + ») 

— a sin « -I- 6 (— sin «) 

* sin X (a — 6). 

46. Simplify the expression 

TO (cos 90° - «) sin (90° - «). 

cos(90°-«)-sin». 

sin (90°-*)- cos*. 

.'. the expression -■ to sin x cos x. 

46. Simplify the expression 

(a -6) tan (90° -x) 

+ (a + ft)cot(90°+«). 

tan(90° — «)-cot«. 
cot (90° + »)=•- tan*. 
.*. the expression equals 
(a - 6) cot » - (a + h) tan x. 

47. Simplify the expression 
o« + 6* - 2 oft cos (1 80° - x) 

— a' + ft' - 2ah (- cos x) 
»-a* + 5^ + 2aftco8x. 

48. Simplify the expression 
sin (90° + x) sin (180° + x) 

+ cos (90° + x)cos(180°- x) 
« (cosx)(-sinx)+(-8inxX-cosx) 
a> — sin cos X + sin cos x 
«0. 

49. Simplify the expression 
cos (180° + x) cos (270° - y) 

- sin (180° + x) sin (270° - y). 
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COB (180® + «) - - COB as. 
COB (270® — y) ■- ~ Bin y. 
sin (180® + ») - - sin x. 
Bin (270® -y)-- cosy. 
Hence the expression 
■= COB X sin y — sin x cos y. 

50. Simplify the expression 
tan a; + tan (- y) - tan (180® - y). 
ton (- y) = - tan y. 
- ton (180® - y) = ten y. 
Hence the ezpreBsion » ton s. 

61. For what valaes of « la the 

expression sin x + cob x positive, 
and for what valaes negative ? Rep- 
resent the resnlt by a drawing in 
which the sectors corresponding to 
the negative values are shaded. 

If X be any angle in Qnadrant I., 
sin X + cos x must be positive since 
both the sine and cosine are posi- 
tive. In Quadrant II. the sine is 
positive and cosine negative ; hence, 
80 long as the sine is greater than, 
or equal to, the cosine, the expres- 
sion Bin X 4- cos X is positive ; but 
after passing the middle of Quad- 
rant II., viz., 135®, the cosine of 
Z X is greater than sine, and the ex- 
pression is negative. In Quadrant 
III. both sine and cosine are nega- 
tive, and hence their sum must be 
negative. In Quadrant IV. the 
sine is negative and cosine posi- 
tive. The sine and cosine are equal 
at 315®, after which the cosine is 
greater than sine. Hence the ex- 
pression sin X -h cos X is negative 
from 135® to 315®, and positive be- 
tween 0® and 136®, and 315® and 
360®. 



52. Answer the question of last 
example for sin x — cob x. 

Ab X increases from 0® to 45®, the 
sine increases in value, and cosine 
decreases, until at 45® sine = cosine. 
Hence up to this point sin x — cos x 
is negative. For the remainder of 
Quadrant I. sine is greater than co- 
sine, and consequently the expres- 
sion sin X — cos X ia positive. In 
Quadrant II. sine is positive and 
cosine negative, so the expression 
sin X — cos X ia uniformly positive. 
In Quadrant III. sine is negative 
and cosine negative ; hence, so long 
as sine ib less than cosine, the ex- 
pression is positive, viz., to 225®; 
after that point, sine is greater than 
cosine, and sin x — cos x is negative. 
In Quadrant IV. sine is negative 
and cosine positive : therefore Bin x 
— cos X is uniformly negative. The 
expression is, then, negative be- 
tween 0® and 45®, and 225® and 
360®; positive between 45® and 
225®. 

53. Find the functions of 

(x — 90®) in terms of the functions 

®^*- x-90®-360®-(90®-x) 

- 270® + X. 
Bin (x - 90®) = sin (270® + x) 

=■ — cos X. 
COB (x - 90®) = COS (270® + x) 

>» sin X. 
ton (x - 90®) = ton (270® + x) 

= — cot X. 
cot (x - 90®) = cot (270® + x) 

■" — ton X. 

64. Find the functions of 
(x — 180®) in terms of the functions 
of X. 
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a - 180» = 36(y> - (180*» -ip) 

sin (aj - 180^) = sin (180* + x) 
«« — sin X. 

cos (x - 180°) = COS (180*> + x) 



tan(aj-180*) 
cot {x - 180<») 



— COB Ok 

tan(180»-a?) 
tans. 

cot (180* + x) 
cots. 



ExEECisE XI. Page 48. 



1. Find ih« value of sin (x + y) 
and co8(x + y) when sin x » {, cos a; 

-f siny = ^. cosy^H- 
flin (a; + y) — sin « COB y + €08 « Bin y 



-(fxiD^axS) 



36 20^56^ 
65 65 65 



1508 .(» + y) = COB a; COS a? — sin a? sin y 



48 
60 



15 
65 



33 
66* 



2. Find sin (90* -y) and cos 
(90* -y) by making a? = 90* in 
Fonnulaa [8] and [9]. 

sin (90* -y) 

=» sin 90* cos y — COB 90* sin y. 
sin 90* - 1. cos 90* » 0. 
.•.8in(90*-y) 

--(IXcofly)-(OXBiny) 

= cos y. 
cos (90* -y) 

■= COB 90* cos y + Bin 90* sin y 

«(Oxcosy) + (lXBiny) 

» sin y. 

8. Find, by Formulas [4H11]. 
the first fonr fonctions of 90* + y. 



sin (90* + y) 

» sin 90* COB y -I- COB 90* siny 

— (1 X cosy) + (Ox sin y) 

— cosy. 
COB (90* + y ) 

— COB 90* COB y — sin 90* Bin y 
«-(0xcofly)-(lX8iny) 

•- — sin y. 
(tan90*+y) 

cosy ^^i. 

-»--^-* = -coty. 
fliny 

cot(90*+y) 

._«iM_.tany. 
cosy 

4. Find, by Formulas [4]-[ll], 
the first four functions of 180* — y. 

sin (180* -y) 

= sin 180* cosy -COB 180* siny 

— (0 X cosy) — (- 1 X sin y) 
= sin y. 

cos (180* -y) 

= cos 180* cos y + sin 180* sin y 
= (- 1 X cosy) + (0 X siny) 
= — cosy. 

tan (180* - y) 

siny i. 
= ^ •« — tan y. 

cosy 
cot (180* - y) 

COBV X 

-_-_Jf=.-coty. 
siny 
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6. Find, by Fwmulas [4H11], 
the first four fonctionB of 180^ + y. 

sin (18(y> + y) 
*- sin 180^ cosy + coe 180° siny 

- (0 X cosy) + (- 1 X fliny) 
--siny. 

cos (180° +y) 
-t coe 180° cos y - sin 180° sin y 

- (- 1 X COB y) - (0 X sin y) 
•- — coey. 

tan (180° + y) 

«^«EJ^.tany. 

— coey 

cot (180° + y) 

.:z£211f.coty. 
~8iny 

e. Find, by Fonnulas [4H11], 
the first foor fonctions of 270°— y. 

■in (270° -y) 

- sin 270° cos y — cos 270° sin y 

- (- 1 X cosy) - (0 X siny) 
•- — cosy. 

cos (270° -y) 

- cos 270° coey + sin 270° sin y 

- (0 X COB y) + (- 1 X Bin y) 

- — ainy. 
tan (270° -y) 

»:zC^»coty. 

— sin y 

cot (270° - y) 

«:i«iEi^_tany. 
-cosy 

7. Find, by Formulae [4H11], 
the first foor functions of 270° + y. 

sin (270° + y) 

- sin 270° COB y + cos 270° sin y 

- (- 1 X cosy) + (0 X sin y) 
«■ — cos y. 



coe (270° + y) 

- coe 270° coey -Bin 270° siny 

- (0 X COB y) - (- 1 X sin y) 
» sin y. 

tan (270° +y) 

— coey . 

- — : — *- — coty. 

siny 

cot (270° + y) 

siny . 

— i- „ — tan y. 

— cosy 

8. Find, by Fonnulas [4H11]. 
the first four Ainctions of 360° — y. 

sin (360° - y) 

- Bin 360° cosy — cos 360° siny 
-(Oxcoey)-(lXBiny) 

- — sin y. 
COB (360° -y) 

- coe 360° COB y + sin 360° siny 
- (1 X cosy) + (0 X siny) 
a-cosy. 

tan (360° -y) 

— sin y , 

-» * «« — tany. 

cosy 

cot (360° - y) 

cosy . 

- — H^— — coty. 

— smy 

9. Find, by Formulae [4]-[ll], 
the first four Amctions of 360° + y. 

Bin (360° + y) 

= sin 360° cosy + COB 360° siny 

- (0 xcofly) + (1 Xfliny) 
•« sin y. 

COB (360° + y) 

- COB 360° COB y - sin 360° sin y 
= (1 X COB y) — (0 X sin y) 

- cosy. 

tan (360° + y) 

«?iM«tany. 
cosy 
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cot (360*» + y) 

cos V i. 
«-^-Jf = coty. 

8iny 

10. Find. Jby Formulas [4H11], 
the first four functions of a; — 90°. 

sin (x - 90°) 

= sin X cos 90° — cos x sin 90° 
-» (0 X sin a?) — (1 X cos a?) 
=« — cosa;. 

cos(aj-90°) 

= C06X cos 90° + sin x sin 90^ 
— (0 X COB «) + (1 X sin a?) 
s sin x. 

tan(x-90°) 



— cos a: 



— — cot «. 



smx 
cot(a;~90°) 
sin a; 



— cos a; 



— tan«. 



11. Find, by Formulas [4H11]. 
the first four functions of a; — 180°. 

sin (x - 180°) 
B sin x cos 180° — cos a; sin 180° 
« sin a; (— 1) — cos aj X 
■- — sin «. 

COS (a? -180°) 
« cos a; cos 180° + sin x sin 180° 
— cos a; (— 1) + sin as X 
« — cos x, 

tan (x - 180°) 
— sin X 



— COB a? 

cot (x - 180°) 

— cos a; 

— sin a; 



tana;. 



cot a;. 



12. Find, by Formulas [4]-[ll]. 
the first four functions of x— 270°. 



sin (« - 270°) 
>- sin ae COS 270^ — oofl X sin 270^ 
-sinxxO — ooBXX(-l) 
«cotx. 

co8(x-270°) 
>- cos X COS 270^ -I- sin a* sin 270^ 
« COS X X + sin X (— 1) 
•- — sin X. 

tan (x- 270°) 



^ cosx ^ 

— sinx 

cot(x-270°) 

— sinx 



— ootae. 



— — tanx. 



COBX 



13. Find, by Formulas [4]-[11], 
the first four functions of — y. 

sin(0°-y) 
«■ sin 0° cos y — cos 0° sin y 

- (0 X cos y) - (1 X sin y) 
«■ — sin y. 

cos (0° — y) 
«■ COB 0° cos y + sin 0° sin y 
-(lXcosy) + (0X8iny) 
^cosy. 

tan(0°-y) 

- = «M-_tany. 

cosy 

cot(0°-y) 

-_c^iL_.coty. 
-Biny 

14. Find, by Formulas [4H11]. 
the first four functions of 45° — y. 

sin(46<^-y) 

=• sin 46° COB y — cos 46° sin y 

« } V2 cos y — J \/2 sin y 

- iV2 (cos y — sin y). 
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coe (45** — y ) 
■■ 008 46^ cosy + sin 46^ siny 
•- J V2 CO0 y + } V2 sin y 

— J V2 (cos y + sin y). 
tan (45*' -y) 

_^ COB y — sin y ^ 1 ~ tan y 
cos y + sin y 1 + tan y 

cot(45'»-.y) 

^ cos y + sin y ^ cot y -f 1 
cosy — siny coty — 1 

16. Find, by Formulas [4H11], 
the first four functions of 45** + y. 

sin (45** + y) 

— sin 45** COB y + cos 45** sin y 
« }>/2 cos y + J V2 sin y 

— }V2 (cos y + siny). 

C0B(45'» + y) 

— 00845** cosy — sin 46** siny 

— J V2 cos y — iV2 sin y 

— } V2 (cos y — sin y). 

tan(45**+y) 

cos y + sin y 1 + tan y 
cos y — sin y 1 — tan y* 

cot(45** + y) 

cos y -- sin y cot y — 1 
cos y + sin y cot y + 1 

16. Find, by Formulas [4] -[11], 
the first four functions of 30** + y. 

sin (30** + y) 
= sin 30** cos y + cos 30° sin y 

— J (cos y + V3 sin y). 
COS (30** + y) 

— cos 30** cos y — sin 30** sin y 
-= J ( \/3 cos y — sin y). 



tan(30** + y) 
^ cosy 4- VSsiny ^ 
VS cos y — sin y 
divide each term by V3 cosy, 
_ }V3 + tany 
l-jVatany 
cot(30**+y) 
^ y/Z cos y — sin y . 
cosy + V3siny 
divide each term by sin y^ 
_ VScoty-l 
coty + V3 

17. Find, by Formulas [^HH], 
the first four functions of 60** — y. 

sin (60** - y) 
-» sin 60** COB y — COB 60** sin y 
■= K V3 cos y — sin y). 

COB (60** -y) 
— COS 60** coey + sin 60** sia y 
-= J (cosy + Vs siny). 

tan (60*' -y) 

V3 cosy —siny 
cosy + VSsiny 
_ V^-tany 

1 + VStany 
cot (60° -y) 

COS V -f- V3 sin y 

VS COB y — sin y 

_^ ^V3coty + 1 

coty-jV3 

18. Find sin 3x in terms of sin x. 
sinSx — Bin(2ir + «) 

>« sin 2 a; cos a; + cos 2 ff sin « 
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sin 22 » 2 sin x cob x. 
COB 2 oj = cos'jj — Bin'oj. 

Sabetitnting^ 

sin 3a; = 2 sinx cos's 

+ sin X cos's — sin'x 

» 3 sin X cos's — sin's. 
But cos's =» 1 — sin's. 
Snbstitating, 
8in3s»38ins — 3 sin's — sin's 

= 3 sin s — 4 sin's. 

19. Find cos 3s in terms of coss. 
cos 3 s » cos (2s + s) 

» cos 2s COBS— sin 2s sins, 
sin 2s » 2 sins COBS. 
COS 2 s » cos's — sin's. 
Snbstitating, 
cos 3s » cos's — sin^ cos s 

— 2 sin's cos s 

a* cos's — 3siB's cos s. 

But sin's = 1 — cos's. 

Snbstitnting, 

cos 3s s- cos's — 3 cos s + 3 cos's 
— 4 cos's — 3 COB s. 

20. Given tui }s » 1 ; find coe s. 

J>l+coss 

'1 +C0BS 
^ 1— C08S 

^ ^a ^— ^— — ^— . • 

1 + COS s 

1 +C0SS=1 — COBS. 
2C08S»0. 

COS s»0. 

21. Given cot } s =- VS ; find 
sins. 



cot^s 
V3 



-V 

-V 



1 +C0BS 
1 — COBS 



3- 



3 COBS 

4 COBS 

COBS 

Bin's 



Bins 



I + COBS . 
1 — OOBS 

1 +COBS 
1 — COBS 

1+COBS. 

-2. 

1 
2 

1 — coi^ 

1-1-8 
4 4 



22. Given sin s — 0.2 ; find sin i s 


and COB }s. 




sins 


-0.2. 


cos's 


-l-8in»s 




-I- 0.04. 


COBS 


- V0.96. 


sin }s 


^ ^/l - cos s 
A 2 




/i - V0.96 
"\ 2 




^ll-0.4V6 
"\ 2 ■ 




- 0.10061. 


cos}s 


/l + cos s 
^ 2 




.^i + a4V6 




- 0.99494. 
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28. Qiven cob x— 0.5 ; find cos 2x 
and tan 2x. 

cos 2 '^' — co0'« — sin's. 



,OIJ.,vj. 



Binx 

/. COS 2»- 0.25 -0.76 

--0.50--1. 
2 



tans 



tan 2a; — 



sing jVS /s 
^ •■ vo. 

cosx i 
2tanag ^ 2V3 
l-tan*a;"l-3 

->/3. 



24. Qiven tan 45^ - 1 ; find the 
functions of 22*» SO'. 



tans «■ 



sms 



COBS 

.*. sin s —COS X, 

sin's + cos's •- 1. 

sin's + sin's — 1. 

2 sin's — 1. 

sin's — }. 

sin s^i^-v^— coss. 
8in}sorsin22<'30' 

-}V2-V2 

- 0.3827. 
cos is or cos 22<» 30' 

= jV2+V2 

- 0.9239. 
sinis _ iV2~V2 
costs' jy2Tvi 



tan}s 



->^ 



moltiply by 



2--V2. 

2+V2* 
2~V2 
2-V2* 



V 



(2-V2f 
4-2 



- J V(2 - V2)' X V2 
-(1-}V2)XV2 

-V5- 1-0.4142. 



cotjs-^ 
sin is 



iV2+V2 
JV2-V2 



-V 



2+V2 



2-V2 

-V2 +1-2.4142. 

25. Given sin SO*" -0.5; find the 
functions of 15^. 

sin 30*> - 0.5 - i 

2 

.•.cobSO^-Vi-t-a/t 
' 4 '4 

sinJs-Y- ^ 



— coss 



..sinW-^^^ 



-}V2->/3- 0.25885. 
-JV2+V3- 0.96592 
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tan 15<» 



4 



JV3 



2-V3 
2 + V3 



2~y3 ^^ 2-V3 
2 4- V3 2 + V3 



Af 4-3 

« 2- V3 = 0.26799. 



cofcl5<» 



nIS 



jVs 



}V3 
-2 + V3« 3.7321. 

26. Prove that 

tanl8o = ?i5L38!±8in3^. 
cosSS^' + cpsS*' 

Let « - IS**, 

Then 

(1) 2Bina;co8y 

= sin (x^y) -»- Bin (a-y). 

(2) 2co6a;co8y 

= cos (aj+y) + co8(af— y). 

Divide (1) by (2). 

tan a; = ?ilL^2M±iiHl?=2^. 
cos (x-\-y) + cos (a;— y) 

Substitute values of x and y. 

^^j3o^s_in331+8in3f. 
cos 33° + cos 3® 

27. Prove the formula 

•„ o ^ 2 tan X 
Bin J a: = • 

1 + tan^a; 
fiin 2 a; = 2 sin a; cos a;. 



2taax 


2 sin a; 




cos a? 


l + tan*x 


-1+"°;* 




cos'x 




cos'jc + 8in*aj 

008^ 


But cob'x + 8in'« =* 1. 


.-. 1 + tan«« 


1 

C08*X 


2 sin a; cos 2 


2 sin X ^ coe*x 



C08X 1 

'. 28inxooflx»28inxco8x. 

28. Prov9 the formula 
1 — tan'x 



coe2x 



1-f tan'x 



1- 



C062x»= 



sin'x 

C08*X 



1 + 



sin'x 



C08^ 

006 2x = coB*x — 8in*x. 



1- 



cob'x — sin'x = 



ain'x 
coa*x 



1 + 



sin^x 



cos'x 

^ cos'x — sin'x 
cos*x + sin*x 

_ co8*x — sin'x 

•1 
— cos'x — sin'x. 

29. Prove the formula 

sinx 



tan}x=» 
tan ix = 



1 + COfiX 
Vl — COBX 



vr 



4-cosx 
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sins VI — C0B*x 

1 + COS 2 

VI— C08*a5 



l + cosa; 
VI — cofl* 



Vi + COS a? 

1 — C06 g 
1 + CO0« 



1 + COBX 

1 — coe'g 

(1 + C06 »)■ 
1 — COBS 
1+C0ft« 



so. Prove the fonniila 

Bmx 

1 — C08X 



cotjx 



nn X 



Vl — coe^. 

ootJx--^/S 



eoBx 



006X 



By rabsiitotiiig. 



V 



1 + cos X Vl — coe'x 



1 — cosx 

1+_00BX 
1 — COBX 



1— COBX 

1 — coe'g 

(1-C06X)« 
1 + COBX 

I « 

1 — GOftX 



31. Prove the formnla 

Bin}x±coB}x— Vl ± sin X. 
By sqaaring, 
sin' }x :fc2BinixcoB}x + cos' } x 
» 1 i: sin X. 



Bnt sin 



in i X = '^- 



— cosx 



1 dk 2 sin }x cos } X » 1 ± sin X. 

dk 2 sin } X COB (x » dk sin X. 
2sinixco8}x 



dbsinx 



... i 2-y/E^- ± -^1 



1 — C08 2x 



— C082x 



1 — cos*x 



2 
1 — coe2x 



vTT 



cos'x 



4 



1 —cos 2x 



J , ^ /l + COB X 

and cosix^-x; — ^— — • 
Snbetitate valaes of sin^x and 

COB^X. 

1— cosx. o.:_ 1 1^ . 1-i-COSX 

i:2BmAXCOB4XH r 

2 =* ' 2 

=» 1 :b sin X. 



.*. Binx»sinx. 
82. Prove the formnla 

cot X db cot y 
tan X db tan y 
«-±tanxcotxtany 

+ coty tany tanx 
Bat tanxcotx»l, 
and tanycoty»>l. 
/. tan X ± tan y » tan X ± tan y. 

33. Prove the formnla 

tan(450-x)^ ^~^^°^ « 
^ 1 + tanx 

tan(450-x)^"^(^^'-^> . 
^ ' cos (45« - X) 

sin (450 - x) 

= sin 45° COB X — COB 45** sin x 
= jV^cos X — J V2 sin X 
= J V2 (cos X — sin x). 

COS (45® -x) 

. = COS 45° CO8X+ sin 45° sinx 
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•= J V2 COS X + J V2 sin « 
■»|V2 (cos « + sin x). 



+ sin« 

Dividing namerator and danomi- 
nator by cos », 

tan (45<> - «) - l:z**E£. 

1 +tanx 

34L If A, B, Care the angles of 
a triangle, prove that 

sin ^ + sin ^ + sin 

=» 4cos } il cos } jSoos } (7. 

sinil + sinP + sinC 

- sin il+sin 5+Bin [1S(}P-{A+B)] 
= sin ^ + sin -ff + sin (il + jB) 

- 2sin } (-4 + ^ c(xi(A-B) 

+ 28inJ(^ + P)co8}(il + jB) 

- 2sin J (il + ^) [cos }(il - J5) 

+ COS}(il + ^]. 

ButJ(il + ,B)-il^ 
i(A-B)^B\ 
Then, by [22], 

COSil^+COS^^ 

"-2cos}ilco8} J?. 
/. =«4sin i{A + J5)cos}il cos J5. 
Bnt £06 J (7= cos [9(y>- J (il + B)] 

='8ini{A + B). 
/. sin ^ + sin 5 + sin C 

» 4 COB } il cos } ^ cos } C, 

35. If A, B, are the angles of 
a triangle, prove that 

co8il + cos5 + cosC 

— 1 + 4Bin} il sin J 5 sin J (7. 



cos e- cos [ISCP-(A + B)] 

--C08(il+^. 

.'. cos ii + cos if + 006 (7 

«» COSil + cos S- 006(il + ^ 

By [22], 

*2coe}(il + ^cos}(il-J) 
-cos(il+ J). 

By [17]. 

-2ootJ(il+^cos}(-A--B) 
-2cos»J(il + ^ + l 

-[2cosJ(il + J5)] 

X [cob J (il--B)-HP08 J{^+^]+l. 

By [23], 

-[2cos}(il + ^] 

X[28iniilsin}^] + 1 
-(2sin}C)(2sin}ilsin}^ + l 
— 1 + 4sin}ii sin^^sin } C. 

86. If A, B, C are the angles of 
a triangle, prove that 

tan ii + tan S + tan (7 

-tanilxtan^XtanC. 

Since il + 5 + C- 18(y», 

e- 180° - (il + ^. 

/. tan C- tan [180°-(il + B)] 

— — tan (il + ^. 

Again, 

tan A + tan B 

-=tan(il+^(l-.tan-4tan^ 
-tan(il + ^) 

-tan(il + J5)tan-4tan-a 
.'. tan il + tan ^ + tan (7 

= tan (il + -B) - Un (-4 + ^ 

-tan(il + ^ tanil tan5 

- - tan (^ + 5) tan -4 tan 5 

= taniltan^tanC 
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37. If -4, B, C are the angles of 
a triangle, prove Uiat 

cot J A + cot J J5 + cot i 

« cot J A X cot J -S X cot } C. 

SinceM + i^ + K-GO^, 

.•.cotJ(7-tanJ(A + -B), 

and cotJ-B = tani(A + C), 

and cotJil-tanK^ + Q- 
/.cotM + coti-B + cotJC 

-tan}(^ + ^ + **nJ(-4+C) 

+ tan}(5 + (7) 
-tanJ(^+-^X^^i(^ + CO 

Xtan}(-9+C)- 
By Bubstitation, 
cot i il + coti 5 + cot } C 
— cot } -4 X cot i -B X cot } C. 

38. Change to a form more con- 
venient for logariUimic computation 
cot X + tan X. 

cot X + tan X 
COBS . Bins 

SB- H 

sm X COB X 

cos'a? + sin'g 
sin « COB « 

2 (co8*g + BJn'g) 
2 sin a; cos x 
2 

sin 2 a; 

39. Change to a form more con- 
venient for logarithmic computation 
cot a; — tan aj. 

cot X — tan X 
cos X BJn X 
sin X cos X 

coe'g — sin'g 
sin a; cos a; 



cos 2 a; 


sin X cos a; 


2co8 2x 


2 sin X COB X 


2co8 2x 



113] 



Bin2x 
2 cot 2x. 



[12] 



40. Change to a form more con- 
venient for logarithmic computation 
cot X + tan y. 

cot»-55i«, tany-?iHi'. [2] 
sm X cos y 

Adding, 

COB X cos y -I- sin x sin y 
sin X cos y 

Substitute for cob xcosy -(-Bin xsin y 
its equal cob (x — y), [9] 

^ COB (x — y) 
sin X COS y 

41. Change to a form more con- 
venient for logarithmic c<»Dputation 
cot X — tan y. 

tany = ?^^. 
cosy 

, COBX 

cot X ■- -: 

Binx 

cot X — tan y 

cos X BJn y 
sin X cos y 

cos X cos y — sin x sin y 
sin X cos y 

cos (x -i- y) 
sin X cos y 

42. Change to a form more con- 
venient for logarithmic computation 
1 — coa 2x 

1 -f cos 2x 
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1 —cos 


2x 


1 


— COS 
+ C08 


2x 
2x 


= 


2 




1 


1 + cos 


2x 










2 










- 


sin'x 
cos'of 





SB tan'aj. 

43. Change to a form more con- 
venient for logarithmic computation 
1 -f tan X tan y. 

1 + tan X tan y 

^ sin X sin y 
-1 + X ^ 

cos 2 COS]/ 

COS g COS y + ain g sin y 
cos a; cos y 

co8(a;— y)^ 
008 9 cosy 

44. Change to a form more con- 
venient for logarithmic computation 
1 — tan OS tan y. 

1 — tan X tan y 



1- 



sin X sm y 



cos a; cos y 

cos X cos y — sin x sin y 
cos a; cosy 

cos (re 4- y) 
cos X cos y ' 

45. Change to a form more con- 
venient for logarithmic computation 
cotxcoty + 1. 

cotxcoty + 1 

_ cos g; cos y - 
"" 8in » sin y 



By [9] - 



COS X COS y -h sin x sin y 
sin X sin y 

cos {x — y) 
sin X sin y* 



46. Change to a form more con- 
venient for logarithmic computation 
cotajcoty — 1. 

cot a; cot y — 1 



cos a; cos y 
sin X sin y 



-1 



cos X COS y — sm 2 sm y 
sin X sin y 

cos (x + y) 
sin x sin y 



47. Change to a form more con- 
venient for logarithmic computation 
tan X -f tan y 
cot X + cot y 

tan X + tany 
cot a; -h cot y 

sin a; siny 

cos X cos y 

cos a; cosy 

sin X sin y 

sin X co sy + cos a; siny 

cos X cos y 

sin a; cos y + cos x sin y 
sin a; sin y 

sin a; sin y 
cos X cos y 

s tan X tan y. 
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ExEBCiSE XII. Page 53. 



1. What do the formulaB of { 36 
become when one of the angles is a 
right angle ? 

B 




If angle Cis a right angle, 

e Bin C 

c BinC 1 . 



b sin B sin B 
a sin A 



b sin B 
a c 



sin A sin C 

_b c_ 

sin B sin 



iAuA ; 



c; 



— c. 



2. Prove by means of the Law of 
Sines that the bisector of an angle 
of a triangle divides the opposite 
side into parts proportional to the 
adjacent sides. 

Let CD bisect angle C. 

Then i^-?i°ii; 
CD Bin A 



and 



DB ^ smjO 
CD'^ BinB' 



By division, 

AD 
DB 

sinB 



But 



sinii 

. AD 
'BD 



sin^ 
sinii 

b 
a 

b 
a 



8. What does Formula [26] be- 
come when ^ = 90** ? when -4 = 0®? 
when A^mP^ What does the 
triangle become in each of these 
cases? 

Formula [26] is 

a«-6» + c*-2ftccoBil. 
When il - 9(y», cos -4 - 0<». 
.\ a« - 6» + c«. 
Whenil-0°. co8-4-l. 
.•.a' = 6* + c«-2ftc* 

When A « 180®, cos -4 -- 1. 
.•.a'-6» + c» + 2ftc. 

B 



A- 
a-- 
5* 



BC 
AC 



e 
a 



AB. 
b — e. 



B 

a^BC, 
b^AC 



A 



-C 



e^BA, 



4. Prove that whether the angle 
B is acute or obtuse c "« a cos ^ 
+ b cos A. What are the two 
symmetrical formulas obtained by 
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changing the letters? What does 
the formula become when B «• 90° ? 




Fig. 1. 




Case I. When angle B is acute 
(Fig. 1). 

(1) oobB = ^' 



corA 



a 
AD 



,\DB^aco6B, 

and AD ^b COR A. 

Add, DB+AD^^acosB-i-bcoBA. 

But DB-k-AD^e. 

,\ e =^ a COB B-\-b COB A, 



Case II. When angle B is obtuse 

(Fig. 2). ^^ 
AD 

b 



cos A 



SD 



cos (180°-^ 
.^cobB, 



.*. AD » 6 008 il, 

and BD — — a coe S. 

Subtract, observing that the sign 
of cos ^ is minus. 

AD-BD-mbooBA+aooBB, 
But AD-BD-m c. 

.*. c — a COS S -f 6 cos il. 
The symmetrical formulas are 
5 — aooeC+ecosil, 
a — 5 cos (7+6 coe A 

When -B - 90*. 
(3) cosif-l- 



.*. c — 6 cos iL 

6. From the three following equa- 
tions (found in the last exercise) 
prove the theorem of { 37 : 

e»acosS + &cosil, 

6 — acosC + ccosil, 

a»&cos(7 + ccosS. 

e'a-accos^ + ftccosil. (1) 
l^»abcoBC-\-becoBA, (2) 
a'»a6cosC + accost. (3) 

Add (2) and (3), 

a' + 5* » 2a&cos C+ ftccosil 
•f oc cos S. (4) 

Subtract (4) from (1), 

ct« a«- 6» « - 2a6 cos a 
.•.c" = o« + 6»-2o6cosG 837 

6. In Formula [27] what is the 
maximum value of i(A — B)f of 
i{^ + B)7 

a-b ^ i&ni(A-B) 
I a + b^i&ni(A-\-B) 
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The limit ofA-Bia ISO**. 

.-.the limit of the maximum yalae 
ofiiA-JB) 



180** 



2 

The limit of A + Bib ISO^. 

.*. the limit of the maximum value 

0fi(il + ^ 

180*' 



2 



90<>. 



7. Find the form to which Form- 
ula [27] reduceB, and deecrihe the 
nature of the triangle when 

(i.) C-90*»; 

(ii.) A-B»9QP,9kndB~a 

a-h ^ i8Lni(A-B) 
a + h" i9Lni(A + B) 

(i.) When C- 9QP, 
il + 5 = 90°. 

5 = 90«-il. 
g - ft ^ tan Hii - (90° -- ii)1 
a + b tan 45° 

^ tanU-45°) 

1 
- tan (il - 45°). 



Since C is a right angle, the tri- 
angle ia a right triangle. 

(ii.) When il-5=90°, and 5=a 

o-5^ tan}(^-^) 
a + b tan i (^ + ^) 

^ + ^ + (7=180°, 
X + 25 -180° 
A-B ^ 90° 



or 



.-. 35» 90° 

B~ 30°, 

C- 30°, 

and il - 120°. 

o - 5 _^ tan 45° 
o + 6 tan 75° 

^ tan 45° 
cot 15° 

1 

2+V3 

.-. a + 6 = (a-6)(2 + V3). 

Since A^^S^ the triangle is isos- 
celes. 



1. Given 
a = 500, 
A - 10° 12^ 
5 -46° 36^; 



EXEBCISE XIII. 

find 
e- 123° 12^. 
&- 2051.48, 
e - 2362.61. 



a = 500. 

^= 10° 12^ 

B^ 46° 36 ^ 

4-1-5= 56° 48^ 

/. C= ^23° 12r. 



Fag^ 55. 

log a - 2.69897 

colog sin A = 0.75182 

log sin B = 9.86128 

log 6 = 3.31207 
b = 2051.48. 

log a = 2.69897 

colog sin il =0.75182 

log sin C = 9.^860 

log c = 3.37339 
c » 2362^1. 



TEAOHSBfi' EDITION. 



88 



2. Given 
a = 795, 
A = 79« 59^, 



find 
C= 65«> 20', 
6 = 667.688, 
c » 663.986. 



o«795. 

X=: 79*' 59' 
B^ 44^41' 

Jl + 5=124«4(/ 
/. e« 55« 2(/» 



logo 
oolog sin A 
log sin ^ 

log 6 
h 

log a 
oolog sin il 
log sin C 

lege 
e 

3. GiT«a 
a»804, 
^ - 99« 55^, 
^«45oi>; 



2.90037 
0.00667 
9.84707 

2.75411 
667.688. 

2.90037 
0.00667 
9.91512 

2.82216 
663.96^ 

find 

C- 35« 4', 

i - 677.31, 
t » 468.9a 



<i»804. 

:4- 99*'55' 
B» 45° 1' 

j1 + 5 - 144° 66^ 
.-, C- 35° 4'. 



logo 
oolog sin A 
log sin ^ 

log* 
h 



2.90526 
0.00654 
9.84961 

2.76141 
577.31. 



logd 
colog sin A * 
log sin Q ' 

logc 

c 

4. Given 
a»820, 
il - 12° 49^, 
5-141° 69^; 

a* 

A' 

il + 5. 

log a 
colog sin A '■ 
log sin B ' 

log 6 
b 

log a 
colog sin A ■ 

log sin C * 

\oge 

e * 



2.90526 
0.00654 
9.75931 

2.67111 
468.93. 

find 
C- 25° 12', 
b - 2276.63, 
e - 1573.89. 

820. 

12° 49^ 
141° 59^ 

154° 48^ 

25° 12'. 

2.91381 
0.65398 

9.78950 

3.35729 
2276.63. 

2.91381 
a65398 
9.62918 

3.19697 
1573.89. 



5. Given 
c«1005, 
A - 78° 19', 
-5 = 54° 27'; 



find 
C« 47° 14', 
a - 1340,6, 
b - 1113.8, 

e « 1005. 

A^ 78° 19' 

B^ 54° 27' 

il + 5-132°46' 

.-.C- 47° 14'. 
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logc 
colog Bin C 
log sin A 

log a 
a 

logc 
colog sin C 
log sin B 

log 6 
h 

6. Given 
h - 13.57, 
^-13«57^ 
C-5ri3^ 



3.00217 
0.13423 
9.99091 

3.12731 
1340.6. 

3.00217 
0.13423 
9.91042 

3.04682 
1113.8. 

find 
A - 108«» 50^. 
a - 53.276, 
c » 47.324. 



6 - 13.57. 

B» 13^57^ 
e-_57M3^ 

-B + C7- 7P10^ 
.-. A - 108<> 50^. 



log 5 
colog sin B 
log sin A 

logo 
a 

logo 
colog sin A 
log sin C 

logc 
c 

7. Given 
a » 6412, 
^-70'' 55^. 
(7-52° 9^; 



1.13258 
0.61785 
9.97610 

1.72653 
53.276. 

1.72653 
0.02390 
9.92465 

1.67508 
47.324. 

find 

5-56*' 56^ 

h =» 5685.9, 

c = 5357.5. 



a 
il- 

logo 
log sin B 
colog sin A 

log 6 
5 

logo 
log sin C 
colog sin A 

logc 
c 



6412. 

70*»56^ 

5g> y 

123«> 4^ 
56^56^. 

3.80699 
9.92326 
0.02455 

3.75480 
5685.9. 

3.80699 
9.89742 
0.02455 

3.72896 
5357.5. 



8. Given 

6-999, 
il - 3r 58^ 

C-65«2^; 



find 
5-77^, 
a - 630.77, 
c - 929.48. 

6-999. 

il- 37*»58^ 
C- 650 2^ 

il + C- 103<> 
.-.5- 77**. 



log 6 
colog sin B 
log sin J. 

logo 
a 

log 6 
colog sin B 
log sin C 

logc 
c 



2.99957 
0.01128 
9.78902 

2.79987 
630.77. 

2.99957 
0.01128 
9.95739 

2.96824 
929.48. 



J 
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9. In order to determine the dis- 
tance of a hostile fort A from a place 
B, a line BC and the angles ABC 
and BCA were measured, and found 
to be 322.55 yards. 60^ U\ and 
Se"* 10^, respectively. Find the dis- 
tance il.^. 

a - 322.55. 





(7- 


. 60*>34^ 
. 56«10^ 


B-I-C7- 

A A^ 


63<>16^. 


logo 
colog sin 
log sin 


A^ 
(7- 


2.508a0 
0.04910 
9.91942 


logc 
c 




2.47712 
300. 



10. In making a survey by tri- 
angulation, the angles B and Cof a 
triangle ABC were found to be 
50» 30^ and 122<> 9^, respectively, 
and the length BC is known to be 
9 miles. Find AB and AC 

C-122<> 9^ 
5- 60° 3y 

-B-l-C- 172^39' 



log -BC 
colog sin A 
log sin S 

log 6 
h^AC 

log BC < 

colog sin A < 

log sin C < 

logc 



> 0.95424 
0.89303 
9.88741 

1.73468 
54.285. 

0.95424 
0.89303 
9.92771 

1.77498 
59.564. 



11. Two observers 5 miles apart 
on a plain, and facing each other, 
find that the angles of elevation of 
a balloon in the same vertical plane 
with themselves are 55° and 58°, 
respectively. Find the distance 
from the balloon to each observer, 
and also the height of the balloon 
above the plain. 





B 


- 68° 




A 


- 65° 


il + s 


-113° 


• 
• 


.C 


- er. 


logc 




- 0.69897 


colog sin 


C 


- 0.03597 


log sin 


A 


- 9.91336 


log a 




- 0.64830 


a^BC 


- 4.4494. 


logc 


1 


- 0.69897 


colog sin 


C 


- 0.03597 


log sin 


B 


- 9.92842 


log 6 




- 0.66336 


b^AC 


-4.6064. 


To find A. 








h 


- sin B. 




a 




• 
• 


,h 


- a sin B. 


logo 


s 


« 0.64830 


log sin 


B' 


- 9.92842 


log A 


, 


- 0.57672 


h 


1 


- 3.7733. 



12. In a parallelogram, given a 

diagonal d and the angles x and y 

which this diagonal makes with the 

I sides. Find the sides. Compute 
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the resnltfi when cf— 11.237, c 
19*' K, and y - 42« 54'. 



d 


- 11.237. 


X 


- 19« V 


y 


« 42^54' 


« + y 


- 61° 55^ 


.*. z 


-1180 S' 


logd 


« 1.05066 


colog sin z 


-0.05440 


log sin 9 


= 8.51301 


log a 


- 0.61806 


a 


- 4.1501. 


logd 


-1.05065 


colog sin z 


= 0.05440 


log sin y 


- 9.84297 


logc 


- 0.93802 


c 


- 8.67. 



13. A lighthouse was observed 
from a ship to bear N. 34° E. ; after 
sailing dae soath 3 miles, it bore N. 
23° E. Find the distance from the 
lighthouse to the ship in both posi- 
tions. 

3. 



B 



ul- 23<> 

(180*» - 34°) - 146° 

il+J?-169° 

/.C- 11°. 



logc 
colog sin C 
log sin A 
log a 
a 



0.47712 
0.71940 
9.59188 
0.78840 
6.1433. 



log<J 
colog sin C > 
log sin B 

log 6 
b 



0.47712 
0.71940 
9.74756 

0.94408 
8.7918. 



14. In a trapezoid, given the 
parallel sides a and 6, and the an- 
gles X and y at the ends of one of 
the parallel sides. Find the non- 
parallel sides. Compute the results 
when a- 15, 6= 7, a; = 70°, y-40°. 

Given parallel sides^ 

ilB-7and ZW7-15; 
also, ADC^ 40° and BCD - 70° ; 
required AD and BC. 

Dt&wAE^BC; 
then AB^EC (lis comp. bet. lis), 

and DE-'DC-AB 

-IS-V-S. 

Also AED - BCD = 70°(ext. int. £^, 

Now 

2)Ai:=180<>-(40° + 70°) 

-70°. 
But since 

AED-' DAE -=^70^, 

the A*is iaoscelee, and side 
DA'-DE^S, 

Now AE'* BC, and we are to find 

BC 

AE^sinADE 

DE'" Bin DAE 
log DE - 0.90309 

log8inilZ)J& -9.80807 
colog sin DAE - 0.02701 

log AE - 0.73817 

AE^BC -5.4723. 
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15. Given b = 7.07107, A = 30*, 
C=105®; find o and c withont 
using logarithms. 

Let p and q denote the segments 
of c made by the ± dropped from C. 

Bin j1 =- rr 

2 



sin^ 
"b 



}V2. 

_b_ 

7.07107 
' 1.41421 



5. 



f « cos A « } V3 - 0.86602. 
b 

. |)= 6x0.86602 

- 7.07107 X 0.86602 
^ 6.12369. 

? = sin 5 -JV^ -0.70711. 

J « a X 0.7071X 
= 5 X 0.70711 - 3.53555. 

e^p + q 
= 6.12369 + 3.53555 

« 9.65924. 

16. Given c = 9.562, A = 45^ 
5 = 60°; find o and b without 
using logarithms. 

C« 75<>. 

c sin A 

a=» —. 

sin Q 

Biiia«sin(45« + S0«') 

-sin 45** cos 30° 

+ cos45<»Bin30**. 



.'.o — 



&- 



-}V^XjV3 + jV2xJ 

9.562 Xtv^ 

19.124 X>/2 

V6+V2 

a9.124x>/2yv^-V2) 
6-2 

9.662 (V3-1) 
6.999 - 7. 
osin^^Txiy^ 
sinil jV2 

7V3 7V6 

- 3.5>/6 - 8.573. 

17. The base of a triangle is 600 
feet, and the angles at the base are 
30° and 120°. Find the other sides 
and the altitude without using log- 
arithms. 

^^-600. 

A «. 30°. 

B =. 120°. 

.-. C= 30°. 

a » c » 600 feet. 

T a sin 5 
b^— — -j- 

8in A 

_ 600 X Bin (180° -60°) 

^ sin 30° 

600x|V3 

1 
-600x1.732051 
- 1039.2, 
i = 6 sin ^ = 1039.2 X } 
= 519.6 feet. 
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18. Two angles of a triangle are, 
the one 20°, the other 40°. Find 
the ratio of the opposite sides with- 
out using logarithms. 

• Let *-20°, 

y-40°, 
and a and b be opposite sides. 

Then ?i5L£««. 
Biny 

nat sin «» 0.3420. 

nat sin y- 0.6428. 

.-. a : 6 : : 3420 : 6428. 

:: 855:1607. 

19. The angles of a triangle are 
as 6 : 10 : 21, and the side opposite 
the smallest angle is equal to 3. 
Find the other sides without using 
logarithms. 

Since the angles A, B, C 9xe as 
5:10:21, 

^ - JV of 180° - 25°. 

5- H of 180° -50°. 

C-Hofl80°-105°. 



a sin 5 3 X 0.766 



e — 



sin A 


0.4226 


5.43775. 




a sin C 


3 X 0.9659 


bin A 


0.4226 


6.857. 





20. Given one side of a triangle 
equal to 27, the adjacent angles 
equal each to 30°. Find the radios 
of the circumscribed circle without 
using logarithms. 

Bin A 
sin il »- sin 120^ 

-sin (180° -60°) 
-sin 60°. 
8in60°-}\/3. 

^ 27 ^ 54 ^ 54x>/3 

-18V5. 



.\2B 



i2 =.9^3-15.588. 



Exercise XIV. Page 59. 



1. Determine the number of solu- 
tions in each of the following cases : 

(i.) O-80, 6-100, il-30°. 

a - 80 < 6 - 100, 
but > 5 sin -4 - 100 X }, 

and A < 90°. 

.*. two solutions. 

(ii.) a - 50, 6 - 100, il - 30°. 

o - 50 - 6 sin il - 100 X }. 
.'. one solution. 



(iii.) a - 40, 6 = 100, il - 30°. 

o = 40 < 6 sin -4 - 100 X }, 
and A < 90°. 

.*. no solution. 

(iv.) a- 13.4, 6=11.46, il-77°20'i 
a - 13.4 > 6-11.46. 
.*. one solution. 

(v.) O-70, 6-75, il-60°. 
o-70<6-75, 

but >6sinil«75x}V^ 
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and ^ - 60° < 90*>. 
.'. two solutioDB. 

(yi.) a » 134.16, b » 84.54, 

5 - 52« 9^ 11^^. 
6 < a, B<dQP, 
nat sin S » 0.7897. 
.'. h<a sin ^. 

84.54 < 134.16 X 0.7897. 
.'. noBolation. 



2. Given 
a»840, 
5»485, 
A = 21« 3K ; 



find 
.B- 12<>13'34^', 
C-146*»15^26^^ 
c - 1272.15. 



Here a > 6, and log sin B<0, 
.*. one Bolniion. 

colog a - 7.07572 - 10 
log b - 2.68574 
log sin A » 9.56440 

log sin ^ » 9.32586 
5 « 12*13^34^'. 

.-. C « 146° 15^ 26'^ 



logo 
log sin C 
colog sin A 

logc 
e 

3. Given 
a = 9.399, 
b = 9.197, 
^-120° 35^; 

colog a 
log 6 
log sin A 

log sin ^ 
J? 



2.92428 
9.74466 * 
0.43560 

3.10454 
1272.15. 

find 
5 - 57° 23^ 40^', 
C7= 2° 1^20'^ 
c = 0.38525. 

9.02692 - 10 

0.96365 

9.93495 

9.92552 
57° 23' 40^'. 
2° 1^20^^ 



logo 
log sin 
oolog sin A 

logc 
c 

4. Given 
a - 91.06, 
b - 77.04, 
il-51°9^6^^; 

colog a 
log 6 



0.97308 
8.54761 
0.06506 



. 9.58574 " 10 
> 0.38626. 

find 

B - 41^ 13^, 
(7-8r»37'54'^ 
e - 116.82. 



- 8.04067 - 10 
- 1.88672 
log sin ^ * 9.89143 

log sin .S - 9.81882 

B - 41* 13^. 

.-. C - 8r» 37^ 64^^ 



logo 
log sin C 
colog sin A 

logc 
e 



1.95933 
9.99963 
0.10857 

2.06753 
116.82. 



5. Given 
a =» 56.55, 



find 
-4-54° SV 13^', 
6 =.66,66. C-47°44' 7'^ 

J? « 77° 44' 40'^ c- 50.481. 

Here 5 > a, and log sin A <,0, 
.'. one solution. 

log a - 1.74468 
log sin B - 9.98999 
colog b = 8.17613 - 10 
log sin A - 9.91080 
A - 54° 31' 13". 

...C -47° 44' 7". 
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log a - 1.74468 

log sin C » 9.86925 

colog sin A - 0.08920 

log - 1.70313 
c - 60.481. 

6. Qlyen 
a -309, ft- 360, A^2VW2^'; 
find .B- 24°57'54'^ 
^^-155° 2' 6^', 
C-133°47MF^ 
(y- 3« 43' 29'^ 
c - 615.67. 
</= 55.41. 

log h - 2.55630 
log sin A - 9.55904 
colog a -= 7.51004 - 10 

log sin B = 9.62538 
B = 24°57'64'^ 

.-. C - 133° 47' 41''. 

log a - 2.48996 

log sin C =. 9.85843 

colog sin A = 0.44096 

log c = 2.78935 
c = 615.67. 

Second Solution, 

5'- 180<» - 5 
= 155° 2' 6". 

- d^ 43' 29". 

log a = 2.48996 

log sin 0^ = 8.81267 

colog sin A - 0.44096 

log </ = 1.74359 
</ = 55.41. 



7. Given a « 8.716, 
b = 9.787. 
il=- 38° 14' 12"; 
find J?- 44° 1'28", 

.5'= 135° 58' 32" 
C7=. 97° 44' 20" 
(y« 5° 47' 16", 
c = 13.954, 
</= 1.4203. 



Here o < 5, and log sin J5 < 0. 
.*. iwo BolatioQS. 

colog a =- 9.05968 - 10 
log b - 0.99065 
log sin A = 9.79163 



log sin 


B = 


9.84196 ' 




B^ 


, 44° 1'28". 




i?'- 


. 135° 68' 82". 




C= 


: 97° 44' 20", 




(y= 


. 5° 47' 16". 


log a 


— 


0.94032 


log sin 


C = 


9.99602 


colog sin 


A = 


0.20837 


log€ 


«= 


1.14471 


e 


- 


. 13.954. 


log a 


e= 


= 0.94032 


log sin 


0^ = 


: 9.00365 


colog sin 


il- 


■• 0.20837 


log c' 


= 


: 0.15234 


c' 


•= 


= 1.4203. 


8. Given 




find 


a - 4.4, 




5 = 90°, 


6 = 5.21, 




C = 32° 22' 43", 



^ = 57° 37' 17"; c = 2.79. 
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log sin 


A 


- 9.92661 


logb 




- 0.71684 


colog a 




- 9.35655-10 


log sin 


B 


- 10.00000 


B 




= 90^ 


.\C 




« 32^ 22' 43^'. 


log 6 




= 0.71684 


log cos 


A 


- 9.72877 


logc 




= 0.44561 


c 




= 2.791. 


9. Given 


a 


= 34. 




b 


= 22, 



B = 30° 20' ; 
find A= 51«18'27'', 

il'=128'>41'33'', 
C^ 98° 21' 33'', 
(y= 20° 58' 27", 
e = 43.098, 
(/- 15.593. 

Here 6 < a, but > a sin B, and 
5<90°. 

.'. two solutions 

log a - 1.53148 
log sin B - 9.70332 
colog b « 8.65758 - 10 

log sin A = 9.89238 

A= 51° 18' 27". 

^'= 128° 41' 33". 
.-. (7- 98° 21° 33". 
.-. (y= 20° 58' 27". 



log a 
log sin C 
colog sin A 

logc 



1.53148 
9.99536 
0.10762 

1.63446 
43.098. 



log a - 1.53148 

log sin <y^ 9.56382 

colog sin A = 0.10762 

log c' - 1.19292 
</ - 15.693. 

10. Given b - 19, 
c-18, 
C=16»49'; 
find J?=- 16° 43' 13", 

J?'- 163° 16' 47", 
^ = 147° 27' 47", 
A'^ 0° 54' 13", 
a = 35.52, 
a'- 1.0415. 

log 6 - 1.27875 
log sin C = 9.43546 
colog c « 8.74473 ~ 10 

log sin B = 9.45894 

5 - 16° 43' 13". 

J5' « 163° 16' 47". 

A - 147° 27' 47". 
^'- 0° 54' 13". 

log b = 1.27875 

colog sin B = 0.54106 

log sin A - 9.73065 

log a =1.55046 
a - 35.519. 

log b = 1.27875 

colog sin ^'= 0.54106 

log sin .4'= 8.19784 

log a' = 0.01765 



a' 



1.0415. 



11. Given a = 75, 6 = 29, B :^ 
16° 15' 36" ; find the difference be- 
tween the areas of the two corre- 
sponding triangles. 
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log o - 1.87506 
colog b - 8.53760 - 10 
log Bin B =- 9.44715 

log sin A » 9.85981 

A^ 46«23M5>'', 
A'^ 133** 36^ 15^^ 

C7- iir 2(y 29^^ 

O^ 30*> 8^ %'', 



log a 
colog sin il i 
log sin C < 

logc 

log a 

colog sin A ' 
log sin (y-- 

logc^ 

h 



1.87506 
0.14019 
9.94854 

1.96379 

1.87506 
0.14019 
9.70075 

1.71600 

ich. 
b sin A, 



log b » 1.46240 
log sin A - 9.85981 

log h » 1.32221 



logc 

log^ 

colog 2 

log-P 
F 



1.96379 
1.32221 
9.69897 

2.98497 
965.98. 



log (/ 
log^ 
colog 2 

logjyy 

F-F' 



1.71600 
1.32221 
9.69897 

2.73718 

545.99. 

419.99. 



12. Given in a parallelogram the 
side a, a diagonal d, and the angle 
A made by the two diagonals ; find 
the other diagonal. 

Special case : a — 35, d » 63, 
A^ <> 36' 30^^ 

o = 35. 
}d=31.5. 
A - 21« 36' 30^'. 



colog a 
logM 
log sin A 

log sin £ 

B 

C 

log a 
log sin C 
colog sin A 

logirf' 
id' 



8.45593 - 10 

1.49831 

9.56615 

9.52039 
19*> 21' 20". 
139« 2' 10". 

1.54407 
9.81663 
0.43385 

1.79455 
62.3085. 
124.617. 



1. Given 
a - 77.99, 
b = 83.39, 
C = 72« 15' ; 



Exercise XV. 

find 
A - 51° 15', 
B = 56° 30', 
c = 95.24. 



a + 6 = 161.38 
6 - a = 5.4 



Page 62. 

A-\-B 
H^ + B) 



107° 45' 
53° 52' SO'-' 



A 
B 



2° 37' 30'^ 
51° 15'. 
56° 30'. 
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log (b - a) 
colog (a + b) 
log tan i {A ■ 


^B) 


log tan 


i(J5- 


-A) 
-A) 


log 6 
log sin 
colog sin 


C 
B 




logc 






e 







0.73239 
7.79215 - 10 
0.13675 

8.66129 
2^ 37' 30^^ 

1.92111 
9.97882 
0.07889 

1.97882 
95.24. 



2. Given find 

b = 872.5, 5 - 60*» 45^ 

e = 632.7, C = 39« 15^, 

il » 80*» ; o - 984.8. 

ft -c=. 239.8 
6 + c =* 1505.2 
J5 + C=.100*» 

^(^+(7):» 50° 

J(5-a)- 10*>45' 
^= 60° 45^ 
C- 39° 15'. 

2.37985 
0.07619 
6.82240 - 10 



log (ft - c) 




log tan i (^ + 0) 


colog (ft + c) 




log tan J (jB - 


'C) 


J(5- 


-C) 


log ft 




log sin A 




colog sin B 




log a 




a 




a Given 




a -17, 


A- 


ft-12, 


B' 


C - 59° 17'; 


c = 



= 9.27844 
- 10° 45^. 

- 2.94077 

- 9.99335 
=■ 0.05924 

= 2.99336 

- 984.83. 

find 
77° 12' 53", 
43° 30' 7", 
14.987. 



a + ft 

o-ft 

A^B 

\{A-^B) 



29 
5 

120° 43' 
60° 21' 30" 



\{A- 


-5)- 16° 61' 23" 




A~ 17*12' bZ'', 




B" 43° ac 7". 


log(a-ft) 


- 0.69897 


colog (a + ft) 


- 8.53760-10 


log tan }(-4 + ^- 10.24486 


log tan } (il - 


--B)- 9.48143 


i(^- 


- -B) - 16° 61' 23". 


logft 


- 1.07918 


log sin C 


- 9.93435 


colog sin B 


-0.16218 


logc 


- 1.17571 


c 


- 14.987. 


4. Given 


find 


ft-V?. 


B - 93° 28' 36". 


C-V3, 


C7 - 50° 38' 24", 


il = 35°o3'; 


a -1.313. 




y/E = 2.2361 




V3 - 1.7321 


ft 


+ c - 3.9681 


ft 


-c = 0.5040 


B 


+ a-144° 7' 


J(^+Q= "^S** 3' 30" 



i(5-a)- 21° 25' 6" 
^- 93° 28' 36". 
C- 50° 38' 24". 



log (ft - c) 
colog (ft + c) 
log tan } (J? + (7) 

log tan } (^ - C') 
i(i?-C) 



9.70243 -10 
9.40142 -10 
10.48973 

9.59358 
21° 25' 6^'. 
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logc 


- 0.23856 


log Bin A 


- 9.76800 


colog Bin C 


-0.11172 


log a 


- 0.11828 


a 


- 1.313. 


6. Given 


find 


a - 0.917, 


^ - 132<> 18' 27'^ 


b - 0.312. 


5- 14°34'24'^ 


C-33»7'9^'; 


c - 0.67748. 


a-i 


■5-1.229 


o- 


-6-0.605 


il + 


5- 146° 52' 5K' 


}(^+. 


5)= 73° 26' 25'' 



i(^-J?)= 58° 52' 1" 
il - 132° 18' 27". 
5- 14° 34' 24". 



log (a - 6) 
logtanJ(A+-B) 
colog (a + ft) 

log tan i(-4--&) 

log 5 

log sin C ' 

colog sin B 

logc 
c 



9.78176-10 
10.52674 
9.91045 - 10 

10.21895 
58° 52' 1". 

9.49415 - 10 

9.73750 

0.59925 

9.83090-10 
0.67748. 



6. Given find 

a -13.715, ^-118°55'49", 

c- 11.214, (7= 45° 41' 35", 

J? - 15° 22' 36" ; 6 = 4.1554. 

a-c = 2.501. 
a -f c = 24.929. 

A + C= 164° 37' 24" 
i{A-\-C)= 82° 18' 42" 

i(A-C)- 36° 37' 7" 



A - 118° 55' 49". 
(7- 45° 41' 35". 

log (a ^ c) - 0.39811 

log tan J (il + C) - 0.86968 
colog (a-^c) - 8.60330 - 10 

log Un i(A - C) - 9.87109 

i{A-C)^ 36° 37' 7'^ 



log Bin B 
log a 
colog sin A 

log 6 
6 

7. Given 
6 = 3000,9, 

c - 1587.2. 
X-86°4'4"; 



= 9.42352 

- 1.13720 

- 0.05789 

- 0.61861 

- 4.1554. 

find 
5 = 65° 13' 51", 
C=28°42' 5", 
a = 3297.2. 



6 + c - 4588.1 
6 -c= 1413.7 
.5 -I- a- 93° 55' 56" 
^(^-K7) = 46°57'58" 

}(j5-(7)-18°15'63" 

C7-28°42' 5". 

5 = 65° 13' 51". 



log (6 - e) 
colog (6 -f c) 
log tan J (^ + C') 
log tan i{B-C) 
i(B-C) 

log 6 
log sin A 
colog sin .S 

log a 
a 



3.15036 
6.33837 - 10 
0.02983 

9.51856 
18° 15' 53". 

3.47726 
9.99898 
0.04191 

3.51815 
3297.2. • 
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8. Given 

a = 4527, A 

b = 3465, B 

(7- 66° 6^ 27'^ ; e 

a + ft 

a — b 

A-\-B 



fiDd 
68° 29' 15'^ 
45° 24' 18''. 
4449. 

7992. 
1062. 

113° 53' 33" 
56° 56' 47" 



A 
B 

log (a - 6) 
colog (a + b) 

log tan J (-4 + 5) 

log tan i (il - J?) ' 

log sin C 
eolog sin A 
log a 

logc 



11° 32' 28" 
68° 29^15". 
45° 24' 18". 

3.02612 
6.09734-10 
10.18659 

9.31005 
11° 32' 28". 

9.96109 
0.03186 
3.65681 



3.64826 
4449. 



9. Given 

a = 55.14, A = 

b = 33.09, B = 

(7= 30° 24' ; c = 

a + b 

a— b 

A + B 



find 
117° 24' 33", 
32° 11' 27" 
31.431. 

= 88.23 
= 22.05 
= 149° 36' 
= 74° 48' 



A 
B 



42° 36' 33" 

117° 24' 33". 

32° 11' 27". 



log (a - b) 
colog (a + b) 
log tan i (.A + J) 

log tan } (il - J?) 

log 5 
log sin C 
colog sin ^ 

logc 
c 



1.34341 
8.05438 -10 
10.56592 

9.96371 
42° 36' 33". 

1.51970 
9.70418 
0.27348 

1.49736 
31.431. 



10. Given find 

a-47.99, wl-2°46' V\ 

6-33.14, 5-1° 54' 42", 

(7= 175° 19' 10" ; c- 81.066. 



+ 6 
0-6 



81.13 
14.85 

4° 40' 50" 
2° 20' 25" 



l^A^B) 
A 
B 

log (a - 6) 
colog (a + 6) 
logtan}(^ + .^ 

logtanJ(A-5) 
. \{A^B) 

log 6 
log sin C 
colog sin B 

logc 



0° 25' 43" 
2° 46' 8". 
1° 54' 42". 

1.17173 
8.09082 - 10 
8.61138 

7.87393 
0° 25' 43". 

1.52035 
8.91169 
1.47680 

1.90884 
81.066. 



11. If two sides of a triangle are 
each equal to 6, and the included 
angle is 60°, find the third side. 
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Since a 

A 

A + B 

.-.A 

log a 
log sin C 
colog sin B 

logc 
e 



B. 

120^ 

B^6QP- 

0.77815 
9.93753 
0.06247 

0.77815 
6. 



12. 

each 
angle 


If two sides of a triangle are 
equal to 6, and the included 
is 120<», find the third side. 

il + J? = 60«, 




.'.A 


-J? = 30«. 




a 


-6-6. 




logo 
log sin V 
colog sin A 


- 0.77815 

- 9.93753 
= 0.30103 




logc 
c 


- 1.01671 
= 10.392. 



13. Apply Solution I. to the case 
in which a=b or the triangle is 
isosceles. 

If a — 6 and the A is isosceles, 
the angles A and B are equal, be- 
ing opposite the equal sides. 

Now as a — 6 and A= B, the 
formula 

a — h 



tanl(il-^ 



X tan } (A+B) 



a + b 
will become 

tanl(0) = 0xtan}(2il). 
0-0. 

14. If two sides of a triangle are 
10 and 11, and the included angle is 
50"". find the third side. 



o+ b 

a — b 

A + B 



21 
1 

130^ 
65° 



i(A-B) 
A 
B 

log (a-b) 
colog (a + b) 
logtan}(il + ^ 

log tan J (-A-^) 

log 6 
log sin C 
colog sin B 

logc 



5° 49^ 51^^ 
70*^49^51^^ 
69^10' 9^^ 

0.00000 
8.67778-10 
10.33133 

9.00911 
5« 49' 51'^ 

1.00000 
9.88425 
0.06617 

0.95042 
8.9212. 



16. If two sides of a triangle are 
43.301 and 25, and the included 
angle is 30°, find the third side. 

o + 6 - 68.301. 
a - 6 - 18.301. 
^ + 5-150° 
i(A + B)=^ 75° 

i{A-B)^ 45° 
A = 120°. 
i?- 30°. 

.*. in isos. triangle ABC 
c-6-25. 



log (a - b) 
colog (a + b) 
\ogt&ni(A + B) 

log tan J (X- -5) 
i{^-B) 



1.26247 

8.16557 

10.57195 



-10 



9.99999 
45°. 
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16. In order to find the distance 
between two objects A and B sep- 
arated by a swamp, a station C was 
chosen, an*d the distances CA » 3825 
yards, CB = 3475.6 yards, together 
with the angle ACB =- 62** 31^ were 
measured. Find the distance from 



Ato B. 



6 + o = 7300.6 
6 - a =o 349.4 
5+ X = 117° 29' 
i{B + A)^ 68*>44'30'' 



B = 
A^ 

log (h-a) 
colog (b-\-a) = 

log tan 1(5 -l-X) 

logtan}(^-^) 
i(B-A) 



4<»30'30'' 
63*>15'. 
54° 14'. 

2.54332 
6.13664 - 10 
1021680 

8.89676 
4° 3(K 30''. 



log 6 
log sin C 
colog sin B 

logc 



3.58263 
9.94799 
0.04916 

3.57978 
3800. 



17. Two inaccessible objects A 
and B are each viewed from two 
stations C and D 562 yards apart. 
The angle ACB is 62° 12', BCD 
41° 8', ADB 60° 49', and ADC 
34° 51'; required the distance il5. 




In triangle ACD 

il-180*»-(C+i)) 

- 41° 49^. 

b _^ sin 3 4° 51' 
662 "sin 41° 49' 

. . 562 sin 34° 61' 
. . o = — ■« 

sin 41° 49' 

log 662 - 2.74974 

log sin 34° 51' - 9.75696 
colog sin 41° 49' - 0.17604 
log b - 2.68274 

b - 481.66. 

In triangle CBD 

5- 180°- ((7+ i)) 

- 43° 12'. 

a ^ sin 95° 40' 
662 " sin 43° 12'' 

. ^ ^ 562 cos 5° 40' 
" "sin 43° 12' 

log 662 - 2.74974 

log cos 5° 40' -9.99787 

colog sin 43° 12' = 0.16460 

log a - 2.91221 

a - 816.98. 

In triangle ACB 
tan}(^-^)=-— ?Xtan}(^+^ 

}(^ + ^-}(180°-C) 
= 58° 54'. 

a - 6 - 816.98 - 481.66 

- 335.33. 

a + &» 816.98 +481.65 
= 1298.63. 
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log (a -6) = 2.bSA7 
colog(a + ft) - 6.88651-10 
log tan J(u4 + 5) - 1021951^ 



logtanJ(il-5)- 9.63149 

J(il-^)=23«10^26^^ 
A = B2' 4>'26'^. 



log a 
log sin C 
colog Bin A 

logc 



2i)1221 
9.94674 
0.00418 

2.86313 
729.68. 



a + 6 

o — 6 

A-^B 



35 
5 

15e*> 
75° 



18. Two trains start at the same 
time from the same station, and 
move along straight tracks that 
form an angle of 30^, one train at 
the rate of 30 miles an boor, the 
other ai the rate of 40 milee an 
hour. How far apart are the trains 
at the end of half an hour ? 



B 
A 

log (a -6) 
colog (a -»- b) 
logtan|(/4 + B) 

logtani(il-^ 
HA--B) 

logt 
log sin C 
colog sin B 

logc 
c 



28<» V 

46*56' 

103*> 4'. 

0.69897 
8.45593 -10 
10.57197 

9.72687 
28° 4'. 

1.17609 
9.69897 
0.13634 

1.01140 
10.266. 




19. In a parallelogram given the 
two diagonals 5 and 6, and the an- 
gle that they form 49° 18'. Find 
the sides. 

In the parallelogram ABDE 

let EB - 6, 

AD^b, 
and /, BCA - 49° 18'. 

In triangle ACB 

let -BC=o-3. 

AC'- b = 2.5. 
Find AB==c, 



a-b 

a + b 

A-{^B 

HA + B) 



0.5 
5.5 

130° 42' 
65° 21' 



A 
B 

log (a- ft) 
colog {a + b) 
log tan i (il + ^ 
logtanJ(il-^ = 
i(A-B) 



11° 12' 20" 
76° 33' 20". 
54° 8' 40". 

9.69897 -10 
9.25964 -10 
10.33829 

9.29690 
11° 12' 20" 



TEACHERS EDITION. 



99 



log a 
colog sin A 
log sin C 
logc 



AB 



0.47712 
0.0*207 
9.87975 

0.36894 
2.3385. 



In triangle AEO 

EC. 

AC 

ZACE. 

A^-E: 



a = 3, 
h = 2.5, 
130° 42^ 
49° 18' 
24° 39' 



1{A-E) 
A 



2° 23' 20" 
27° 2' 20". 



9.69897 - 10 
9.25964 - 10 
9.66171 



log (o - h) 
colog (a + h) 

log tan}(il + -&) 
\ogi2kXi\{A-E) 

^ = 27° 2' 20" 



8.62032 
2° 23' 20" 



log a 
colog sin A 
log sin c 

logc 
e 



0.47712 
0.34238 

9.87975 



-10 



- 0.69925 
^EA^ 5.0032. 



20. In a triangle one angle equals 
139° 54', and the sides forming the 
angle have the ratio 5 : 9. Find 
the other two angles. 

a-9 
6 = 5 
o + 6 - 14 
a-6-4 
il + J?=40° 6' 
}(^-»-^)°20° 3' 

} (il - jB) - 5° 57' 10" 
il = 26° O'lO". 
i? = 14° 5' 50". 



log (a - h) 
colog (a + h) 
logtan}(il + ^ 

logtan}(^-^) 



0.60206 
: 8.85387 - 10 
9.56224 

9.01817 
5° 57' 10". 



Exercise XVI. Page 67. 



1. Given a = 51, 6 = 65, c 
find the angles. 

d= 51 
6- 65 
c^ 20 

28=136 

«= 68. 

« — a=a 17. 

« - 6 « 3. 
«-c= 48. 



= 20; 



colog « - 8.16749-10 

colog (8-a) =- 8.76955 - 10 

log (« - 6) - 0.47712 

log {6-0)^ 1.68124 

2 )19.09540 -20 
logtan}X= 9.54770 

M - IS** 26' 24". 

A = 38° 52' 48". 



100 



TRIGONOMETRY. 



colog« - 8.16749-10 

colog (« - 6) - 9.52288 - 10 

log(«-a) - 1.23045 

log(«-c) - 1.68124 

2 )20.60206-20 
log tan } J? » 10.30103 

1^- 63° 26' 6'r 
B - 126*» 52' 12''. 

il + 5 - 165« 45'. 
.-. C- 140 15'. 

2. Givena-78, 6 = 101, c= 29; 
find the angles. 

o- 78 
6-101 
c- 29 

2<-208 

8-104. 

<-a- 26. 

« - 6 = 3. 

« — c — 75. 

oolog« - 7.98297-10 

colog (« - a) = 8.58503 - 10 

log (8 -6) - 0.47712 

log (8-c) = 1.87506 

2)18.92018-20 
logtanjil- 9.46009 

}X = 16° 5' 27". 
ul = 32<» 10' 54". 

colog « - 7.98297-10 

colog (« - 6) - 9.52288 - 10 

log(«-a) = 1.41497 

log(«-c) - 1.87506 

2) 20.79588 - 20 
log tan } 5 = 10.39794 

}^- 68oil'55". 



^=136° 23' 50". 

^ A-vB= 168° 34' 44". 
.-. C= 11° 25' 16". 

3. Givena = lll, 6 = 145, c=40; 
find the angles. 

a -111 
6 = 145 
c- 40 

28-296 

8 - 148. 

i — a=^ 37. 

8-6= 3. 

^-C'^ 108. 

colog 8 = 7.82974-10 

colog (fi-a) - 8.43180 - 10 

log (8 -6) = 0.47712 

log (« - c) = 2.03342 

2)18.77208-20 

logtanM" 9.38604 

}X = 13°40'16". 
A = 27° 20' 32". 

colog 8 = 7.82974-10 

log (8 -a) = 1.56820 

colog (8 - 6) - 9.52288 - 10 

log(8-c) - 2.03342 

2 )20.95424-20 
log tan} J? =10.47712 

}5= 71° 33' 54". 

J? = 143° 7' 48". 

B^-A = 170° 28' 20". 

.-. (7= 9° 31' 40". 



4. Given a = 21, 6 = 26, c = 31 ,• 
find the angles. 
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a»21 


colog 8 - 8.29243-10 


6=26 


colog (t-a) ^ 8.49485 - 10 


c-31 


log (8 -6)- 1.23045 


28 = 78 


log [ti-c) ^ 0.30103 


8 = 39. 


2)18.31876-20 


« — a = 18. 


logtan}^= 9.15938 


« - 6 = 13. 


\A ^ 8« 12' 48". 


s-c= 8. 


A -16*>25'36". 


cologs = 8.40894-10 
colog (s- a) = 8.74473-10 
log(«-6) = 1.11394 
log(«-c) - 0.90309 


colog 8 = 8.29243-10 
colog (8 - 6) = 8.76955 - 10 
log {8-c) ^ 0.30103 
log (8- a) = 1.50515 


2)19.17070-20 


2)18.86816-20 


logtan}X= 9.58535 

Jil-2P3'6.3^'. 


logtan}J?= 9.43408 
}j?= 15** 12'. 


.-. A - 420 6' 13^^ 


B" 30° 24'. 


colog « = 8.40894-10 


/. C= 133° 10' 24". 


log(«-o)- 1.25527 




colog (« - 6) = 8.88606 - 10 


6. Given 0-43, 6 = 50, c = 57-, 


log (« - c) = 0.90309 


find the angles. 


2)19.45336-20 


a= 43 


log tan} 5= 9.72668 


6= 50 


}j?=28**3^18''. 


c= 57 


/. ^ - 56*> 6' 36'^ 


28=150 


il + 5 = 98° 12' 49'^ 


8= 75. 


/. C= 8P 47^^ 11''. 


B-a= 32. 




8-6= 25. 


5. Given a = 19, 6 = 34, c = 49; 


8-C= 18. 


find ihe angles. 

a= 19 


colog 8 = 8.12494-10 


6= 34 


colog (8 -a) = 8.49485-10 


c= 49 


log (8 - 6) = 1.39794 


28=102 


log {ti-c) = 1.25527 


8= 51. 


2)19.27300-20 


«-a= 32. 


logtan}X= 9.63650 


8-6= 17. 


}^ = 23°24'47". 


i - c = 2. 


A = 46° 49' 35". 
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cologs - 8.12494-10 

log(«-o)« 1.50515 
colog (« - 6) - 8.60206 - 10 

log (« - c) - 1.25527 

2) 19.48742 ~ 20 

logUni^» 9.74371 

} J? = 28*» 59' 52''. 

B - 57*» 59' 44". 

.-. C= 750 10' 41". 

7. Given a = 37, 6-58, c-79: 
find the angles. 

a- 37 
5- 58 

2«-174 

«- 87. 

» — a*- 50. 

«-6= 29. 

« — c — 8. 

colog* = 8.06048-10 

colog (« - o) - 8.30103 - 10 

log(«-6) - 1.46240 

log(«-c) ^ 0.90309 

2 )18.72700-20 
log tan M- 9.36350 

}il-13°0'14". 
il = 26° 0' 29". 

colog 8 - 8.06048-10 

log(«-o)= 1.69897 

colog (8 - 6) = 8.53760 - 10 

log (« - c) =• 0.90309 

2)19.20014-20 

logtan}^- 9.60007 

}5- 21^42' 40". 

B~ 43° 25' 20". 

.-.C- 110° 34' 11". 



8. Given a- 73, 6-82, c = 91; 
find the angles. 

o- 73 
6» 82 
c- 91 

28-246 

8-123. 

s — a — 50. 

8-6- 41. 

8-c^ 32. 

colog 8 - 7.91009-10 

colog (» - a) - 8.30103 - 10 

log (8 -6) - 1.61278 

log(8-c) - 1.50515 

2) 19.32905 - 20 
logtan^il- 9.66453 

1^ = 24° 47' 29". 
A = 49° 34' 58". 

colog 8 - 7.91009-10 

log (8-a)^ 1.69897 

colog (8 - 6) - 8.38722 - 10 

log(8-c) - 1.50515 

2) 19.50143 - 20 

log tan} J?- 9.75072 

Ib^ 29° 23' 29". 

B^ 58° 46' 58". 

.-.C- 71° 38' 4". 

9. Given a - 14.493. 6 = 55.4363, 
c - 66.9129 ; find the angles. 

a- 14.493 
6- 55.4363 
c« 66.9129 

2 8 - 136.8422 

8- 68.4211. 

B^a^ 53.9281. 

8-6- 12.9848. 

s-c-' 1.5082. 
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colog« =- 8.16481- 


-10 


colog (8 - a) = 8.26819 - 


-10 


log (a -6) =. 1.11344 




log(«-c) = 0.17846 




2)17.72490- 


-20 


logtanJil-= 8.86245 




J J. =.4^10'. 




X - 8*> 20^. 




colog « = 8.16481- 


-10 


log(s-a)=- 1.73181 




colog (5-6) =- 8.88656 - 


-10 


log(a-c) - 0.17846 




2)18.96164- 


-20 



colog (« - 5) - 9.91500 - 10 

log {« - c) - 0.00856 

colog « - 9.43585-10 

log {« - o) - 0.15522 

2 )19.51463-20 

logtaii}^- 9.75732 

J 5- 29*>45'54^'. 

B^ 69«31M8^^. 

.-.C- 68^35^ 



logtan}5= 9.48082 
J 5= 16<>50'. 
B= 33^40'. 
.-. (7- 138°. 

10. Given a = >/5, 6=V6, c=V7; 
find the angles. 

a =V5=- 2.2361 

6 =V6- 2.4495 

c ^ V7 » 2.6458 

28 = 7.3314 

8 = 3.6657. 

8-a^ 1.4296. 

8-b= 1.2162. 

«_c- 1.0199. 

log (s - 6) = 0.08500 
log (8 - c) = 0.00856 
colog 8 = 9.43585 - 10 

colog (8-a) =^ 9.84478 - 10 
2) 19.37419 - 20 

logtanJil= 9.68709 

}il = 25^56^ 36^'. 
A = 51° 53' 12^'. 



11. Given a -6, 6-8, c 
find the angles. 



-10; 





a — 


6. 




6- 


8. 




c — 


10. 




a = 


12. 


8- 


-o = 


6. 


8 


-6- 


4. 


8- 


-c = 


2. 



colog 8 = 8.92082-10 

colog (8 -a) = 9.22185-10 

log (8 - 6) = 0.60206 

log{8^c) - 0.30103 

2 ) 19.04576 - 20 

logUnM* 9.52288 

M-1S«>26' 6'^ 
A - 360 52' 12''. 
Since this is a right triangle, 
C= 90°. 
5=.90°~X 
- 53° 7' 48". 



12. Given a = 6, 6 
find the angles. 

a= 6 
6= 6 
c-10 

28-22 



6, c-10; 
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8 
s — a 

8-b 

8 — C 



11. 

5. 
5. 

1. 



cologa « 8.95861-10 

colog (a - c) = 0.00000 

log (« - 6) = 0.69897 

log(«-o) ^ 0.69897 

2) 20.35655 - 20 
log tan} a- .10.17828 

}(7- 56''26'33'^ 

Since this is an isosceles triangle, 
^ = 5 = J(180<>-C) 
-= 33° 33^ 27^'. 

13. Given a^^, 6 = 6, c = 6; 
find the angles. 

The triangle is equilateral and 
also eqniangalar. 

.-. il = 5-C=}ofl80«-60«. 

14. Given a = 6, 6 = 5, c=-12; 
find the angles. 

The sum of the two sides a and 6 
is less than the side e. 

.'. the triangle is impossible. 



,15. Given a = 2, 6 =\/6, 
■\/3 — 1 ; find the angles. 

a = 2 
6 = V6 = 2.4495 
c = V3 - 1 = 0.732 

26 = 5.1815 

8 = 2.5908. 

« - a = 0.5908. 

«- 6 = 0.1413. 

» - c = 1.8588. 



c = 



log (8 - a) 
log (« - 6) 
log (« - c) 

colog 8 

log r* 
logr 

log tan \ A 
log tan }^ 
logtanJC 

M 

iC 
A 
B- 
C- 



9.77144 
9.15014 
0.26923 
9.58656 



-10 
-10 

-10 



' 18.77737 
■• 9.38869 

= 9.617.25 

10.23855 

■ 9.11946 

22° 30^ 
60°. 
7° SO'. 
45°. 
120°. 
15°. 



20 
10 



16. Given o = 2, 6 = \/6, 
V3 + 1 ; find the angles. 

a = 2 
6 = V6 = 2.4495 * 
c = Va + 1 - 2.732 



2« = 7.1815 




8 = 3.5908 




« - a = 1.5908 




«- 6 = 1.1412 




« - c = 0.8588 




log (8-a)^ 0.20162 




log (s - 6) = 0.05740 




log (s-c) = 9.93385- 


-10 


cologa = 9.44481- 


-10 


logr» =19.63768- 


-20 


logr = 9.81884- 


-10 



log tan }^ = 9.61721. 
log tan }5 = 9.76146. 
log tan 1(7=9.88494. 
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M = 


22*>3(y. 


J5- 


3(y>. 


JC- 


3r3(K 


A^ 


45*» 


B^ 


6(y> 


(7- 


76*» 



17. The distances between three 
cities A^ B, and C are as follows : 
AB =« 165 miles, AC^^ 72 miles, and 
BC => 185 miles. B is dne east from 
A, In what direction is (7 from il ? 
What two answers are admissible ? 

a = 185 
6=- 72 
c«166 



2< 

9 

8 — a 
8 — e 



422 
211. 

26. 
139. 

46. 



colog« « 7.67572 -10 

colog (« - a) = 8.58503 - 10 

log (« - 6) = 2.14301 

log(«-c) ^ 1.66276 

2) 20.06652 - 20 
log tan M = 10.03326 

}il = 4r»lF30^^ 
A = 94<> 23'. 

Angle BAC-' 94«> 23'. Subtract 
90® of the quadrant E to N, and 
we obtain 4® 23' W. of N. 

Bat C may be to the southward 
of A. Hence two answers are ad- 
missible: W. of N. or W. of S. 

18. Under what visual angle is 
an object 7 feet long seen by an 



observer whose eye is 5 feet from 
one end of the object and 8 feet 
from the other end 7 

o- 5 

&- 8 
c- 7 



2s 
a — a 
a — « 



-20 
-10. 

- 5. 

- 2. 

- 3. 



colog s - 9.00000-10 

colog (» - o) - 9.30103 - 10 

log(»-6) - 0.30103 

log(»-«) - 0.47712 

2)19.07918-20 

logt^nM- 9.53959 

}il-iy» 6^24". 
il - 38*» 12' 48". 

colog «. - 9.00000-10 

log(«-o) - 0.69897 

colog (« - h) =. 9.69897 - 10 

log(»-c) - 0.47712 

2 ) 19.87506 - 20 
logUn^J?- 9.93753 

J5- 40° 53' 36". 
J?- 81® 47' 12". 
.-.C- 60®. 

19. When Formula [28] is used 
for finding the value of an angle, 
why does the ambiguity that occurs 
in Case II. not exist? 

When Formula [28] is used for 
finding the value of an angle, the 
ambiguity that occui% in Case II. 
does not exist because the sides 
are all known and the angle can 
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have but one value ; while ia Case 
II. the side opposite the angle is 
not known, and may have two val- 
ues; therefore the angle also may 
have two values. 

20. If the sides of a triangle are 

3, 4, and 6, find the sine of the 

largest angle. 

a» 3 

6- 4 

c = ^ 

2«-13 
$ = 6.5. 



9 


— a 


-3.5. 




B 


-b 


-2.5. 




s(«. 


-c) 


-3.25. 




log (» - 


■a) 


^ 0.54407 




log (« - 


-6) 


- 0.39794 




colog«(»- 


-c) 


- 9.48812- 


-10 






2) 20.43013 - 


-20 



logtanJC- J0.21607 

}e=- 58*>38'26^^ 
(7-117«>16'50^^ 
log sin C « 9.94879. 
sinC -0.88877. " 




21. Of three towns A^ B, and Q 
A is 200 miles from B and 184 miles 
from Q B ia 160 miles due north 
from C\ how far is A north of C ? 

150 « = 267. 



a 



6 = 184 

c=200 
2s = 534 



8 -a = 117. 
8-h= 83. 
«-c= 67. 



colog* - 7.57349-10 

colog(«-c) - 8.17393-10 

log (8 - o) - 2.06819 

log(8-6) - 1.91908 

2 ) 19.73469 - 20 

logtanJil= 9.86735 



A 



M-36°22^58'^ 
A -^ 72« 4y 56^^ 

Draw X from A to BC. To find 
a^ (part cut o£f by X on BC from c). 

o'= h cos 0. 

log h - 2.26482 

log cos C - 9.47171 

log a' - 1.73653 

a' - 54.516. 
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1. Given a = 4474.5, h - 2164.5, 
(7= 116^ 3(K 2(y^ ; find the area. 



log o « 3.65075 




log h = 3.33536 




colog 2 = 9.69897 - 


-10 


log sin a -9.95177 




log F = 6.63685 




F =4333600. 





2. Given 6 = 21.66, c = 36.94, 
^ = 66° 4' 19'^ ; find the area. 

i^=* \ he sin A. 

log 6 - 1.33566 

log c = 1.56750 

log sin A = 9.96097 

log 2 i^ « 2.86413 
2 if' -731.36. 

F = 365.68. 

3. Given a = 510, c = 173, B = 
162° 30^ 28^^ ; find the area. 



log a 
logc 
log sin B 
colog 2 

logJ^ 



= 2.70757 
= 2.23805 
= 9.47795 
= 9.69897 - 10 

= 4,12254 
- 13260. 



4. Given a =408, 6«41, c=401; 
find the area. 

= 408 
6= 41 
c = 401 

2» = 850 
a = 425. 



«-a-- 17. 
«-6 = 384. 
»-c= 24. 

log 8 « 2.62839 

log(«-o) =1.23045 
log («-&)= 2.58433 
log(»-c) = 1.38021 

2) 7.82338 
log F - 3.91169 
F = 8160. 

5. Given a = 40, 6 = 13, c-37; 
find the area. 

a = 40 

6 = 13 

c = 37 

28 = 90 

« = 45. 

8 — a = 5. 

« - 6 = 32. 

«-c= 8. 

log 8 = 1.65321 

log (« - a) = 0.69897 
log (a - 6) = 1.50515 
log (« - c) = 0.90309 



logi^ 
F 



2 )4.76042 
= 2.38021 
= 240. 



6. Given a = 624, 6=206, <;=446; 
find the area. 

a= 624 
6= 205 
c= 445 

28 = 1274 
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8 


- 637. 


• — a 


- 13. 


i-b 


- 432. 


t — e 


= 192. 


log* 


- 2.80414 


log(»-a) 


- 1.11394 


log(«-ft) 


-2.63548 


log (8 - e) 


= 2.28330 


2\ogF 


«. 8.83686 


logF 


- 4.41843. 


F 


-.2620a 


7. Given ft =■ 149, il - W 42" 3(K', 


5-39° 18' 28'" ; 


find the area. 


A 


=» 70° 42' 30" 


B 


- 39° 18' 28" 


.\C 


'-69° 59" 2'" 


log 6 


- 2.17319 


colog sin B 


= 0.19827 


log sin il 


- 9.97490 


log a 


- 2.34636 


log a 


- 2.34636 


colog sin A 


- 0.02510 


log sin C 


- 9.97294 


logc 


= 2.34440 


colog 2 


- 9.69897 - 10 


logo 


- 2.34636 


log 6 


- 2.17319 


log sin C 


= 9.97294 



log c = 2.48813 

log sin il =9.62852 
colog a = 7.66575 - 10 



logi^ 
F 



4.19146 
15540. 



8. Given a =21 5.9, c = 307.7, X 
2.5° 9' 31" ; find the area, 
a < c and > csin A. 
A < 90°. .-. two solutions. 



log sin C 


= 9.78240 




C 


- 37° 17' 38". 


.-. B 


= 117° 32' 51". 


Or, cy 


= 142° 42' 22". 


.\B' 


- 12° 8' 


7'". 


colog 2 


= 9.69897 - 


10 


log a 


- 2.33425 




logc 


- 2.48813 




log sin B 


= 9.94774 




\ogF 


= 4.46909 




F 


= 29450. 




colog 2 


= 9.69897 - 


10 


log a 


= 2.33425 




logc 


= 2.48813 




log sin 5' 


= 9.32269 




log 2?^ 


= 3.84404 




F' 


= 6983. 




9. Given 6 = 


8, c«5, A 


= 6( 


find the area. 






i^= \ he sin A 




-H8X 


5) (0.86602) 




- 20 X 0.86602 




= 17.3204. 





10. Given o= 7, c = 3, il = 60°; 
find the area. 

colog a = 9.15490 - 10 

logc =0.47712 

log sin A = 9.93753 

log sin C = 9.56955 

C =21° 47' 12". 

.-. B = 98° 12' 48". 



TEACHEES* EDITION. 



109 



log a 
log Bin B 
colog sin A 
log 6 
h 



0.84510 
9.99552 
0.06247 
0.90309 
8. 



JP= } he sin A 
= }x24x}V3 
= 6 V3, or 10.3923. 



11. Given a=-60, 5=40^35' 12'', 
area = 12 ; find the radius of the 
inscribed circle. 



iacsin£ = 12. 



24 



asin^ 
log 24 = 1.38021 
colog a = 8.22185 - 10 

colog sin B = 0.18665 

logc 
c 



= 9.78875 - 10 
= 0.61483. 



tanJ(4-C) 



a — e 

a + c 



Xtanl(il + C) 



55:5^511 X tan f 69<> 42' 24") 
60.61483 ^ ^' 



log {a-e)^ 1.77368 

colog (a-\-c) -^ 8.21742 

logtan}(il+C)= 0.43206 



-10 



log tan }(il-(7)= 0.42316 

i{^-C)= 69°19M9" 
HA-^-CTj^^ 69^ 42' 24" 

,'.A =139° 1'43" 



b BJnB 
a sin A^ 

log a 
log sin B 
colog sin A 

log 6 
b 



a 
b 

2$ 
$> 
« — a- 



•. 6- 



a sin J? 
sin^ 



1.77816 
9.81331 
0.18331 ' 

1.77477 
59.534. 

60 

59.534 
0.61483 

120.14883 
60.07442. 

0.07442. 

0.54042. 
59.45959. 



log(«-o)- 8.87169-10 

log(«-6)- 9.73274-10 

log (« - c) - 1.77422 

colog c - 8.22131-10 

2)18.59996 --20 
Jogr - 9.29998-10 

r - 0.19952. 

12. Obtain a formula for the area 
of a parallelogram in terms of two 
adjacent sides and the included 
angle. 

By Geometry, area of parallelo- 
gram = base X height. 

In this case *- bh. 

But A = a sin A. 

.'. area of O == oS sin A, 
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13. Obtain a formula, for the area 
of an isosceles trapezoid in terms of 
the two parallel sides and an acnt« 
angle. 

Let AB » a. 

■^ -tan^l 
P 
c^p tan A 

p = }(a-6). 

„j(a«-6«)tanX 

14. Two sides and included angle 
of a triangle are 2416, 1712, and 
30°; and two sides and included 
angle of another triangle are 1948, 
2848, and 150**; find the sum of 
their areas. 

Let a = 2416, c = 1712, B = 30°. 

2^= } ae sin B. 



log a 
logc 
colog 2 
log sin B 

logF 
F 



3.38310 
3.23350 
9.69897 - 10 
9.69897 

6.01454 
1034000. 



Let a'= 1948, </= 2848, 5^=150°. 
F^ = i a'c' sin B'. 





P 


log o' 


- 3.28959 


log</ 


= 3.45454 


colog 2 


- 9.69897 - 10 


log sin B' 


= 9.69897 


logJf^ 


- 6.14207 


j?y 


- 1387000. 


p+jfv 


« 2421000. 



15. The base of an isosceles tri- 
angle is 20, and its area is IOOh- VS; 

find its angles. 

a = 6. 

c = 20. 

P-100+V3. 
100 



\ch^ 



10A = 



V3 
100 

Vs" 



i^=tanA 

0.76144 
9.00000 



log A 
colog }c 

log tan X = 9.76144 

A - 30°. 

B = 30°. 

C = 120°. 
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ExEECiSE XVIII. Page 70. 



1. From a ship sailing down the 
English Channel the Eddystonewas 
observed to bear N. 33«» 45^ W. ; 
and after the ship had sailed 18 
miles S. 67«» 3(X W. it bore N. 11*» 
15^ E. Find its distance from each 
position of the ship. 




B 

a — 
ACE^ 

ABF^ 

CBD^ 
ABC^ 

,'. BAC' 

& sin 
a sin 



18 miles. 

33°. 45^. 

er 30*'. 

11«» 15^. 

1SQP-(ACE + DCB) 
78° 45^ 
90° - DOB 
22° 30^. 

90° - {CBD + ABF) 
56° 15^. 
45°. 

B c sin C 
A a sin ^ 



log a 


-1.25527 


log sin B 


- 9.91985 


colog sin A 


- 0.15051 


log 6 


-1.32563 


b 


- 21.166. 


log a 


- 1.25527 


log sin C 


- 9.99157 


colog sin A 


« 0.15051 


logc 


- 1.39735 


e 


- 24.966. 



2. Two objects, A and B, were 
observed from a ship to be at the 
same instant in a line bearing N. 
15° E. The ship then sailed north- 
west 5 miles, when it was found 
that A bore due east and B bore 
north-east. Find the distance from 

iltO^. 



/ 




S'''«! W.4A. 

\ 

% / 

V5 
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8'A Bin ASS' 
SS^ " sin a' AS 



log 81^ 
colog sin SAS^ 
log sin ASS^ 
log S^A 



- 0.69897 

- 0.01506 
« 9.93753 

- 0.66156 



AB ^ sin BS'A 
8^ A " Bin &BA 



logs' A 
colog sin S^BA 
log sin BSfA 

log AB 
AB 



0.66156 
0.30103 
9.84949 

0.80208 
6.3399. 



3. A ca»tle and a monument 
stand on the same horizontal plane. 
The angles of depression of the top 
and the bottom of the monument 
viewed from the top of the castle 
are 40° and 80° ; the height of the 
castle is 140 feet. Find the height 
of the monument. 




HC^ height of castle. 

AB = height of monument. 
ifC75 = 40°. HAC^^QP. 

J7C4-10°. EC =140 ft. 

.140 



AC^ 



sin A 



log 140 = 2.14613 
colog sin il » 000666 

log AC - 2.15278 

HCA - lOo, 
MCB =. 40°. 

.-. ilCff = 40°; 
CAB - 10°, 

.-. ABC= 130°. 

AC%mC 



AB:^ 



log AC 
log sin C 
colog sin B 

log AB 
AB 



fivnB 

2.15278 
9.80807 
0.11575 

2.07660 
119.29. 



4. If the sun's altitude is 60°, 
what angle must a stick make with 
the horizon in order that its shadow 
in a horizontal plane may be the 
longest possible ? 

The shadow of the stick will be 
the longest when the stick is per- 
pendicular to the rays of the san. 

Let BC represent the stick, and 
ilCthe horizontal plane. 

5 = 90°, 

A = 60°. 

.-. C = 30°. 

6. If the sun's altitude is 30°, 
find the length of the longest shadow 
cast on a horizontal plane by a 
stick 10 feet in length. 

Let a be a stick ± to rays of sun, 
and c be the longest shadow. 

Of M 

- = Sin A. 
c 
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log a 
colog sin A 
logc 
e 



1.00000 
0.30103 
1.30103 
20. 



6. In a circle with the radius 3 
find the area of the part comprised 
between parallel chords whose 
lengths are 4 and 5. (Two solu- 
tions.) 






h 
e 

2$ 

9 

9 — C- 
«(« — o) ■■ 



4 

3 

J 

10 
5. 
2. 
2. 
5. 



log (a -5) - 0.30103 
log(«-c) = 0.30103 
colog 8(8- a) « 9.30103 -- 10 

2) 19.90309 - 20 
log i&ni 300= 9.95156-10 
iBOC^' 41° 48^ 38^^ 
fOC^ 8.3<' 37^ 1.6^'. 



By Table VI. 

i2-3. 
/. area - 28.274. 



BOC^ _301036 ^ 3g^ 



1296000 
75259 



324000 
.'. area sector BOC 

75259 



X360<». 



X 28.274. 



324000 

log 76259 - 4,87656 
log 28.274 - 1.45139 
colog 324000 - 4.48945 - 10 

log area « 0.81740 
Area sector BOC» 6.5675. 

In triangle BOC 



i?= V«(«-a)(«-6)(«-c). 



log 8(8 — a) 
log (8 - h) 
I0g(8-C) 

logF 
F 



- 0.69897 

- 0.30103 
- 0.30103 

2)1.30103 

- 0.65052 

- 4.4722. 



Area segment ByC'^ 2.0963. 
In triangle DOA 



^ 8(8-0) 

o» 5 
a» 3 
cr«_3 

2^ = 11 
«= 5.5. 
«-c?= 2.5. 
8—a= 2.5. 
8(8-0)=' 2.75. 
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\og(8-d) « 0.39794 
log (« - a) - 0.39794 
colog « (« - o) - 9.56067 - 10 

2)0.35655 
logtanJi>Oil = 0.17828 

iDOA^ 56° 26^^ 35^^ 
DOA - 112<» 53' IV^. 

In triangle DOA 

F^ Va(«-o)(«-a)(«-<i). 



log«(«-o) 
log (a - d) 
log (« - a) 

log-P 



- 0.43933 
= 0.39794 
^ 0.39794 

2)1.23521 

- 0.61761 

- 4.1458. 



DOA = ,1^1^ X 360°. 
1296000 

/. sector DOA - ^^^ X 28.274. 

1296000 

log 406391 =5.60894 

log 28.274 =1.45139 

colog 1296000 = 3.88739 - 10 

log area = 0.94772 
Area sector = 8.8658. 

Area segment DxA 
« 4.72. 
Area segment DACB 

- area O- [ByC-^DxA] 

- 21.458K 
Area segment DAOB' 

- DxA - B'xCy 
= 2.6247. 




7. A and .6, two inaccessible ob- 
jeeis in the same horizontal plane, 
are 4)b8ervad from a balloon at C 
and from a point D directly under 
the balloon, and in the same hori- 
zontal plane with A and B. If CD 
= 2000 yards, Z APD = 10° 1^ lO^'', 
Z 5C/> = 6° 7' ^O'/, Z^i)5 = 49» 
34' 50'', find AB. 

AD^DCxiBXiACD, 
log tan ilOZ) =9.25739 
log DQ « 3.30103 

log Alf = 2.55842 



AD = 361.76. 

DB = DO Xt&Ti BCD. 

log i)C7 = 3.30103 

log tan 500 =9.03045 

log DB 



DB 



tanJ(-5-il) 



= 2.33148 
= 214.53. 



tz£ Xi^%kl,B -{■ A). 
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HB + A) 

log (6 - a) 
colog (6 + a) • 

log tan J (^+^) 

log tan J (^--4) 

HB-A) 



- 2.16800 

- 7.23936 - 10 

- 0.33549 

=. 9.74285 
« 28« 56' 58''. 



logilD 
colog sin B 
log sin C 

logc 
e^AB 



S-94*» 9' 33". 

- 2.56842 
-0.00115 

- 9.88156 



2.44113 
276.14. 




8. A and B are two objects whose 
distance, on account of intervening 
obstacles, cannot be directly meas- 
ured. At the summit C of a hill, 
vhose height above the common 
horizontal plane of the objects is 
known to be 517.3 yards, /.ACB 
is found to be 15<» 13' 15". The 
angles of elevation of O viewed from 
A and B are 21° 9' 18" and 23° 
15' 34" respectively. Find th« dis- 
tance from AU) B, 



log d 
colog sin B 

log a 
a 



tanJ(-5-il) 
h-a 



2.71374 
0.40352 

3.11726 
1310. 



In triangle DCA, being a ri Zi, 

d ' * J. ^ 

^ =* sin J.. O^-r 





sin A 

log d - 2.71374 
colog sin ^ -0.44262 

log b - 3.15636 

b - 1433.4. 



In right triangle CDB 



^«8ittA 

a 



d 



BinB 



XtanJ(^ + ^)- 
b + a 

i{B + A)^ 82° 23' 22.5". 

log (5 -a) - 2.09132 
colog (6 + a) - 6.56171-10 
log ten i {B-\-A) - 10.87415 

logtenJ(5-A)- 9.52718 

IIb-A)^ 18° 36' 21". 
B - 100° 59' 43.5". 

A - 63° 47' 1.5" 

. a Bin O 



log a 
log sin C 
eolog sin A 

log<; 
c 



sin Jl 

3.11726 
9.41920 
0.04714 

2.58360 
383.35. 
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Exercise XIX. Page 104. 



1. The angles of a triangle are 
70*', 80*, and 100**; find liie sides 
of the polar triangle. 

Given A = 70°, B - 80«, C- 100°; 
to find a^, 6', </. 

a^'^lSO^- 70°-110<>. 

6^-180°- 80° = 100°. 

</- 180° - 100° - 80°. 

2. The sides of a triangle are 40°, 
90°, and 125° ; find the angles of 
the polar triangle. 

Given a - 40°, 5 - 90°, c - 125° ; 
required A\ B\ CT. 

^/«180°- 40° -140°. 

B'^XW- 90*»- 90°. 

Cr- 180° - 125° - 55°. 

3. Prove that the polar of a 
qnadrantal triangle is a right tri- 
angle. ^ 

Let the triangle ABC be a qnad- 
rantal triangle. 

Then 5 = 90°. 

Let A'B'Cy be the polar triangle. 

B'^ h = 180°. 

But 5= 90°. 

.'. B'^ 90°. 

.'. triangle A'B^Cy is a right tri- 
angle. 



4. Prove that, if a triangle have 
three right angles, the sides of the 
triangle are quadrants. 

If angles A^ B, C, respectively, 
are right angles, the side h the meas- 
ure of angle ^, e the measure of 
angle C, and a the measure of angle 
A, are each = 90° ; 

.'. sides of triangle ABC are 
quadrants. 

6. Prove that, if a triangle have 
two right angles, the sides opposite 
these angles are quadrants, and the 
third angle is measured by the 
number of degrees in the opposite 
side. 

In spherical triangle ABC 

let B— C^ rt. angle. 

We are to prove AC and AB 
quadrants, also that A is measured 
by the number of degrees in BC. 

Let A^B'C^ be the polar triangle 
of ABC 
Now B -f h'^ 180°, 

.-. 5'= 90° ; 
C-l-</=180°. 
c^= 90°. 
.'. triangle A^B'C^ is isosceles, 
and 5^-90°, (y-90°. 
But B'^ h = 180°, 
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/. 6 - 90». 

.*. b and 6 are quadrants. 
Now ABC is bi-rectangnlar. 
/. ^ is the pole of side BC 
.'. A is measured by side BC, 

6. How can the sides of a spheri- 
cal triangle be found in units of 
length, when the length of the 
radius of the sphere is known. 

By using the formula 2 vB « G. 

For instance, if the sides of a tri- 
angle were 40°, 90", 125'', the sides 
in terms of B would be 

*" x2wB, 



360° 

90" 
360" 

125" 
360" 



x2wB, 
x2wB, 



If in this case i2«4, the sides 
would become respectively (v, 2ir, 



7. Find the lengths of the sides 
of the triangle in Example 2, if the 
radius of the sphere is 4 feet 




a - 125". 

6= 90". 

c- 40". 

. circ. — 2 tB 

-2rX4 

-8». 

a-mof8ir = V» 
^-^0f8r = 2ir. 

«-^of8r-fir. 



ExEBCisE XX. Page 108. 



1, Prove, by aid of Formula [37], 
that the hypotenuse of a right tri- 
angle is less than or greater tJMn 
90", according as the two legs are 
alike or unlike in kind. 

When the legs are alike in kind. 

By Formula [37] 

cos e «> cos a X cos h. 

If a and 5 are less than 90", the 
oosines will be positive, and the 



product a positive quantity; that 
is, greater than 0. 

If a and b are greater than 90", 
their cosines will both be negative, 
but their product will be a positive 
quantity. 

In either case, cose » a positive 
quantity. 

.*. its value is less than 90". 

When the legs are unlike in kind. 

If a is greater than 90" and b less 
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than 90°, their cosines have opposite 
signs, and their product will be 
negative. 

If cos c = a negative quantity, 
then c is greater than 90**. 

2. Prove, by aid of Formula [40], 
that in a right spherical triangle 
each leg and the opposite angle are 
always alike in kind. 

Formula [40], 

cos il = cos a X sin B. 



£ < 180*». /. sin B is positive. 

Hence sign of cos A is same as 
sign of cos a, and both must be 
either greater or less than 90° ; that 
is, alike in kind. 

3. What inferences may be drawn 
respecting the values of the other 
parts : (i.) if c = 90° ; (ii.) if o - 90° ; 
(iii.) if c = 90° and a = 90° ; (iv.) if 
a = 90° and 6 = 90°? 

(i.) If c = 90°. 

= cos a X cos 6. 
.'. cos a or cos 6 = 0. 
Hence a or 6 = 90°. 

(ii.) If a = 90°. 

cos ul = X sin B. 
.'. cos ^ = 0. 
/. A = 90°. 
cos jB = COS 6 X 1 

= C08 6. 

B^h. 
If 5 = 90°, 

.8 = 90° and il = a. 

(iii.) If c = 90° and a = 90°. 
COS A = cos a sin B. 
il = a = 90°. 



Also C-c-90®. 
coe ^ = COS 6. 
.'. B ^ b, 

(iv.) If a - 90«», ft - 90°. 

Then -4 - 90°, 5 - 90°. 
coe c — X 0. 
.-. c-90°. 
.-. C- 90°. 



4. Deduce from [37]-[42] the for- 
mula 

tan'}5=tan}(c-a)tanj(c + a). 

From [37], page 74, we have 

cos b = cos 6 sec a ; 
whence 

l-co8j-52i«:iCoe_c 
cosa 

1 + C08 6 = 528a±_co8_c 
cosa 

. 1 — cos b cos a — cos c 
i + COB COS a + COS c 

But by [18], page 47. 

i=-^^ = tan«J6. 
1 + COS 6 

And if in [23] and [22], page 48, 
we write a and c in place of A and 
B and divide [23] by [22], we get 

cos a — COS c 

cos a + COS c 

= — tan J (a + c) tan J (a — c) 
= tan i(c + a) tan i{c — a), 
/. tan* } b 

= tan J (c + a) tan }(c — a). 

6. Deduce from [37]-[42] the for- 
mula 
tan« (45° -iA) 

= tan J (c - a) cot i(c-\- a). 
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From [38], 



Bin a 



Bin c 

when, operating as in Example 4, 
we have 

1—nn A Bin c — sin a 

^■^^^■1 ■ ^ I ■ SSI ■ I ■ ■ I • 

1 + sin il Bin c + Bin a 

If in [19], page 47, we Babstitute 
90^ + A for z, and remember that 
cos (90® + il) - — sin^, [19] reduces 
to the form 

^•'""^ «cot«(45o+M) 
1 + Bin ui 

= tan»(46«~}^), 

(since 45® -{-iA and 45° — } il are 
complementary angles). 

And by dividing [21] by [20], 
page 48, and writing c for A and a 
for B, we have 

sin c — s\n A 
sin 6 + sin il 
— tan i{c — a) cot J(c + a). 

.\tan«(45°-Jil) 

« tan i (^ "■ ^) *^ot } (c + a). 

6. Deduce from [37]-[42] the for- 
mula 

tan' J 5 = sin (c — a) esc (c + a). 

From [39], by operating as be- 

^^®* 1 — cos B tan c — tan a 

■ ss: ■ ■■■■■■■■ n 

1 + cos J9 tan c + tan a 
By [18], page 47, 

h^SSll = tan« } B. 
1 + cos ^ 

And we write on the second side 

!^ in place of tan c, and ?i5Lf in 
co<c COS a 

place of tan a, and reducing, we 

obtain 



tan c — tan a ^ sin (c — a) 
tan c + tan a sin (c + a) 

■ t^.^^_ «in(e-a) 
Bin (c + a) 

« sin (c — a) esc (c + a). 

7. Deduce from [37H^] <ilie for- 
mula 

tan» } c = - coe (A+B) sec (^-j5). 

By [42], COS c =» cot il cot B 

cot A 
tan -5' 
whence, as before, 

1 — COB c _^ tan ^ — cot J. 
1 + cos c tan B + cot A 

By [18], page 47, 

|^^l^^«tan«Jc. 
1 -I- cos c 

t an ^ -- cot i i 
tan jS + cot J. 

sin B cos A 

cos ^ sin il 

sin .5 cos A 

cos ^ sin A 

sin il sin .5 — cos A cos ^ 
sin Asin B -{■ cos ^ cos B 

^ — cos (il + B) 

"" C08(il-i^) * 

.-. tan* J c = — cos {A-\-B) sec (A—B), 

a Deduce from [37]-[42] the for- 
mula 

tan*M = tan [} (A + B)- 45®] 

tan [i (A-B)-^ 45®]. 
From [40] 

cos A 



and 



cos a = cos Acac B 



Bin B 
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TMrlieiice, by proceeding as before, 

1 — cos a gin ^ — cos A 
1 + cos a BinB -^coaA 



By [18], page 47, 
1 — coso 



1 + COS a 



tan' Jo. 



If in [6], p. 44, we make x — 45®, 
'we liave 

cosy 



tan (45°+ y) 



I am y 
cosy 



cos y + sin y 
cos y — sin y 

And, in like manner, making 
y = 450 in [10], page 46, we have 

tan(a;~460)^ °!°^-^^ 
sin OE + cos a; 



.-. tan (a;-45°) tan (45° + y) 

(sin X — COB ag) (sin y -h coey) 
(sin X + COB x) (cob y — sin y) 

sin (g — y) — COB (x + y) 
** sin (x - y) + cob (x + y)* 

If in this equation, in which x 
and y may have any yalueB, we 
make 

whence 

x-y--B, x + y-il, 

the equation becomes 

tan[J(il + -B)-45°] 

tan[i(^-^ + 45°l 

sin B— COB A 
sin ^ + COB il 

/. tan* Ja« tan[i(^ + ^ -45°] 
tan [1 (ii - 5) + 45°]. 



Exercise XXI. Page 109. 



1. Show that Napier's Rules lead 
to the equations contained in For- 
mulas [38], [39], [40], and [41]. 


sin a 


= cos CO. c cos CO. 
= sin c sin A. 


A 


Bmh 


= cos CO. C COS CO. 

= sin c sin B. 


B 


sin CO. 


B = tan a tan co 


. c. 


cos^ 


» tan a cot c. 




sin CO. 


A = tan h tan co 


. c. 


COSil 


= tan h cot c. 




sin CO. 


il = cos a cos CO. 


B. 


COS A 


= cos a sin B. 




sin CO. 


B ^cosb cos CO. 


A. 


cos J5 


= cos b sin A. 





sin a « tan co. B tan b 
s cot B tan b. 

sin b » tan a tan co. A 
» tan a cot A. 



2. What will Napier's Rules be- 
come, if we take as the five parts of 
the triangle, the hypotenuse, the 
two oblique angles, and the comple- 
ments of the two legs. 

(i.) Cosine of middle part equals 
product of cotangents of adjacent 
parts. 

(ii.) Cosine of middle part equals 
product of sines of opposite part«. 
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Exercise XXII. Page 114. 

1. Solve the right triangle, given 



a-36«'27^ 6 - 43<> 32^ 31'^ 
Taking a as the middle part, we 



have, by Bule I., 




sin a 


« tan b cot S, 


whence tan b 


» sin a tan B^ 


and tan B 


tAn& 
sin a 


log tan b 


« 9.97789 


colog sin a 


- 0.22613 


log tan £ 


- 10.20402 


B 


= bT" 59' 19.3'^ 


Taking & as the middle part, by 

Bule I., 

sin b B tan a cot A, 


tana 


— sin b tan A, 


tan A 


tana 



sin 6 



log tan a - 9.86842 
colog sin b « 0.16185 

log tan A -10.03027 

A = 46° 59' 43.2''. 

Taking co. c as Uie middle part, 
by Rule II., 

cos c = COS a cos b. 

log cos a = 9.90546 
log cos b = 9.86026 

log cos c « 9.76572 
c « 54° 20'. 

2. Solve the right triangle, given 
a = 86° 40', b = 32° 40'. 

cos c = cos a cos b. 



log cos a 
log cos b 



8.76451 
9.92522 



log cos c 


- 8.68973 





= 87° 11' 39.8^^ 


tauil 


» tan a CSC 6. 


log tan a 


= 11.23475 


log esc 6 


- 0.26781 


log tan A 


- 11.50256 


A 


«88°11'57.8''>'. 


tan£ 


=» tan & CSC a. 


log tan b 


= 9.80697 


log CSC a 


- 0.00074 



log tan B 
B 



9.80771 

32° 42' 38.7''''. 



a 



3. Solve the right triangle, given 
= 50°, b = 36° 54' 49". 

cos c — COS a cos b. 
tan A "= tan a csc b. 
tan B = tan b csc a. 

log cos a := 9.80807 
log cos b = 9.90284 



log COS c 

c 


= 9.71091 

= 59° 4' 25.7". 


log tan a 
log csc & 


- 10.07619 

- 0.22141 


log tan A 
A 


= 10.29760 

= 63° 15' 13.13" 


log tan b 
log csca 


= 9.87575 
= 0.11575 


log tan B 
B 


= 9.99150 

= 44° 26' 21.6". 



\ • 
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4. Solve the right triangle, given 
a = 120° 10^, b - 150° 59^ 44'^ 
COS c = COS a COS 6. 
tan A = tan a esc b. 
tan B = tan 6 esc a. 



log cos a 
log cos b 

log cos c 
c 

log tan a 

log C8C b 

log tan A 
A 

log tan 6 
log CSC a 

log tan B 
B 



= 9.70115 
= 9.94180 

= 9.64295 

- 63° 55' 43.3". 



10.23565 
0.31437 

10.55002 
105°44'21.25". 

9.74383 
0.06320 

9.80703 
147°19'47.14". 



5. Solve tie right triangle, given 
c = 55° 9' 32", a = 22° 15' 7". 

cos B = tan a cot c. 

log tan a =9.61188 

log cote =9.84266 



log cos ^ 
B 


= 9.45454 

= 73° 27' 11.16". 


tan& 


» sin a tan B. 


log sin a 
log tan B 


= 9.57828 
= 10.52709 


log tan b 
b 


= 10.10537 
= 51° 53'. 


'CQ&A 


= tan b cot c. 


log tan b 
log cot c 


= 10.10537 
« 9.84266 



log cos A 
A 



9.94803 
27° 28' 25.71^'. 



6. Solve the right triangle, given 
c =. 23° 49' 61", a - 14° 16' 36". 

006 & * COB c sec a. 

log cose *- 9.96130 

log sec a -0.01362 



log cos 6 

b 


- 9.97492 
- 19° 17'. 


sin A 


« sin a CSC c. 


log sin a 
log CSC e 


- 9.39199 

- 0.39358 


log sin A 
A 


- 9.78557 

- 37° 36' 49.4" 


COS B 


— tan a cot c. 


log tan a 
log cot c 


= 9.40562 
= 10.33488 


log cos B 
B 


- 9.76050 

= 54° 49' 23.3". 



7. Solve the right triangle, given 
c = 44° 33' 17", o - 32° 9' 17". 



cos 


=- C09 c sec a. 


log COB C 


- 9.85283 


log sec a 


« 0.07231 


log cos b 


- 9.92514 


b 


= 32° 41'. 


sin A 


= sin a CSC c. 


log sin a 


- 9.72608 


log CSC c 


= 0.15391 


log sin A 


= 9.87999 


A 


= 49° 20' 16.3", 


cos B 


= tan a cot c. 


log tan a 


= 9.79840 


log cot c 


= 10.00675 


log cos B 


= 9.80515 


B 


= 50° 19' 16". 
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8. Solve the riglit triangle, given 
c - 97** 13' 4'^ a - 132« W \2^\ 

COS & »co8e seco. 

log cose -9.09914 
log seco =-017250 

log COB 6 -9^7164 

h - 79*» 13' 38.1^^ 

sin A =- sin a esc c. 

log sin a » 9.86945 
logcscc -000345 

log sin A - 9.87290 

A = 48^ W IC'. 

Bat A and a must be of the same 

kind, 

/. A - 131° 43' 50". 





cos£ 


— tan a cot c. 


log 


tana 


- 10.04196 


log 


cot 6 


= 9.10259 


log 


cos B 


= 9.14455 




B 


= 81° 58' 53.3" 



9. Solve the right triangle, given 
a - 77° 21' 50", A = 83° 56' 40". 

sin e — sin a CSC J.. 

log sin a -9.98935 
log CSC -4 =0.00243 

log sine =9.99178 

c =78° 53' 20". 

Since c is found from its sine") it 
may have two values which • are 
supplements of eagh other. 

Hence also c - 101° 6' 40". 

sin b = tan a cot A. 

log tan o =« 10.64939 
log cot A = 9.02565 

log sin b = "067504 



or 



b = 28° 14' 31.3". 
- 151° 45^ 28.7". 





6in.ff 


= sec a cos A 


log 


sec a 


-0.66004 


log 


COSil 


= 9.02323 


log 


sin B 


- 9.68327 




B 


= 28° 49' 57.4", 


or 




= 151°10' 2.6". 



10. Solve the right triangle, given 
a - 77° 21' 50", ul - 40° 40' 40". 

sin e — sin a esc ^. 

log sin a = 9.98935 
logcsc-4 = 0.18588 

log sine =10.17523 
.*. sin c > 1, which is impossible. 

11. Solve the right triangle, given 
a = 92° 47' 32", ^ = 50° 2' 1". 

tan c = tan a sec B. 

log tan a =11.31183 
log sec B = 0.19223 

log tan c =11.50406 

c =91° 47' 40". 



tan 6 


— sin a tan B, 


log sin a 
log tan B 


- 9.99948 
- 1007671 


log tan b 
b 


- 10.07619 
-50°. 


COSil 


= cos a sin B. 


log COS a 
log sin B 


= 8.68765 
= 9.88447 


log cos A 
A 


= 8.57212 
= 92° 8' 23". 
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12. Solve the right triangle, given 
a = 2«0^55^^ 5 = 12*»40^ 

tan 6 = sin a tan B. 

log sin o =8.54612 
log tan 5 « 9.35170 



log tan b 
b 


= 7.89782 

= 0« 27' 10.2'^ 


tanc 


=» tan a sec B. 


log tan a 
log sec B 


« 8.54639 
= 0.01070 


log tan e 
c 


- 8.55709 
= 2« 3' 55.7'^ 


cos J 


= cos a sin B. 


log COS a 
log sin B 


- 9.99973 
« 9.34100 


log COB A 

A 


= 9.34073 

= 77° 20' 28.4'' 



13. Solve the right triangle, given 
o = 20° 20' 20", B = 38° 10' 10". 
tan b = sin a tan B, 

log sin a = 9.54104 
log tan 5 « 9.89545 



log tan b 
b 


= 9.43649 

« 15° 16' 50.4". 


tanc 


<« tan a sec j?. 


log tan a 


= 9.56900 


log sec B 


- 0.10448 


log tan c 
e 


= 9.67348 

= 25° 14' 38.2". 


cos A 


= cos a sin B. 


log COB a 
log sin B 


= 9.97204 
« 9.79098 


log COB A 

A 


= 9.76302 

= 54° 35' 16.7". 



14. Solve the right triangle, given 
o = 54° 30', B = 36° 30'. 

tan c » tan a sec B, 
log tan a =10.14673 
log sec B - 0.08931 

log tanc =10.23604 

c = 59° 51' 20.7". 



tan& 
log sin a 
log tan B 

log tan b 
b 

cos A 

log cos a 
log sin B 

log cos A 
A 



sin a tan .&. 

9.91069 

9.85327 

9.76396 

30° 8' 39.3". 

cos a sin B. 

9.76395 
9.76395 

9.52790 
70° 17' 35". 



15. Solve the right triangle, given 
c = 69° 25' 11", A = 54° 54' 42". 

sin a = sin c sin A, 

log sine =9.97136 
log sin A = 9.91289 

log sin a =9.88425 
a =50°. 



tan 5 

log tan e 
log cos A 

log tan b 
b 

cotB 

log cos c 
log tan A 

log cot B 
B 



tan c cos A. 
10.42541 
9.75954 

10.18495 

56° 50' 49.3". 

cos c tan A. 
9.54595 
10.15335 

9.69930 
63° 25' 4". 
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1& Solve the right triangle, given 
c - 112*» 48^ -4 = 56<» 1 r 56'^ 

cot ^ B C06 c tan A. 

logcoflc - 9.58829 
log Un -A - 1017427 

log cot ^- 9.76256 

5 - 120° 3' 50^^ 



Bin a 

log Bin c 
log sin A 

log sin a 
a 

tan b 

log cos A 
log tan c 

log tan b 
b 



sin c sin A. 

9.96467 
9.91958 

9.88425 
50°. 

COB A tan c. 

9.74532 
10.37638 

10.12170 
127° 4^30'^ 



17. Solve the right triangle, given 
e - 46° 40^ 12^^ A - 37° 46^ 9^^ 

sin a = sin .^ sin c. 

log sm A = 9.78709 
log sine »= 9.86178 

log sin a » 9.64887 

a = 26° 27^ 24>'^ 



tan b 
log tan e 

log COB A 

log tan b 
b 

cotB 

log cos c ■■ 
log tan A ■ 

log cot B 
B' 



tan c COB A. 

10.02533 

9.89789 

9.92322 
39° 57' 41.5'^ 

> tan A cos e. 

9.83645 
9.88920 

9.72565 
62° O' 4^^ 



1& Solve the right triangle, given 
e - 118° 40^ V^, A = 128° 0' 4'^ 

Bin a = sin c sin ^. 

log sin c = 9.94321 
log sin A = 9.89652 

log sin a » 9.83973 

a - 136° 15' 32.3''. 

tau& = tan c cos A. 

log tan c » 10.26222 
log cos A = 9.78935 



log t&nb » 
b » 


10.05157 

48° 23' 38.4'^ 


cot-B- 


cos c'tah A. 


log cos c = 
log tan A ^ 


S.68098 
10.10717 


log cot 5 = 
B = 


9.78815 
58° 27' 4.3". 



19. Solve the right triangle, given 
-= 63° 15' 12", B - 135° 33' 39". 

cos c =s cot A cot B. 

log cot -4- 9.70241 
log cot ^=" 10.00850 

log COB c - 9.71091 

e =- 120° 55^ 34.3". 



cosa 

log cos A 
colog sin B 

log cos a 
a 

cos b 

log cos B 
colog sin A 

log cos b 
b 



COB A CSC B. 

9.65326 
0.15480 

9.80806 

4aOKQ/ KO// 

COB .9 CSC A, 

*9.85369 
0.04915 

9.90284 
143° 5' 12'^ 



/ S V 



\ 



/ 







/ 



/ 
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20. Solve the right triangle, given 
A = 116° 43^ 12^^ B = 116° 31' 26^^ 

cos a = cos u4 CSC ^. 

log cos A =. 9.65286 
log CSC 5 = 0.04830 

log COS a = 9.70116 

a =120° 10' 3''. 



cos h 

log cos B 
log CSC A 

log cos & 
h 

log- cose 

log cot A 
log cot B 

log cos c 
c 



COS B CSC ii. 

9.64988 
0.04904 

9.69892 
119° W W\ 

cot A cot 5. 

9.70190 
9.69818 

9.40008 
75° 26' 58'^ 



22. Solve thfe right triangle, given 
-4 - 90°, ^ - 88° 24' 35". 



Bnt 



COB c » cot ii cot B, 
cot A - 0. 
.*. cos c -» 0. 
c -90°. 



21. Solve the right triangle, given 
A = 46° 59' 42", B = 57° 59' 17". 

cos a « cos ul CSC B, 

log cos A = 9.83382 
log CSC ^ = 0.07164 

log cos a = 9.90546 
a = 36° 27'. 



But 



cos a 

cos A 
.*. cos a 
a 

COS b 
C8C A 

b 
b 



coaAcacB. 

0. 
0. 
90°. 

cos .8 CSC X 

1. 

B. 

88.° 24' 36". 



cos b » 

log cos B = 
log CSC A » 

log cos b = 

cos c = 

log cot A = 
log cot B = 

log cos c = 
c = 



> COS B CSC A, 

9.72435 
0.13591 

9.86026 
43° 32' 37". 

cot A cot B, 

9.96973 
9.79599 

9.76572 
54° 20'. 






23. Define a qnadfantal triangle, 
and show how its solution may be 
reduced to that of the right triangle. 

A quadrantal triangle is a tri- 
angle having one or more of its 
sides equal to a quadrant 

Let A'B'Cy be a quadrantal tri- 
angle with side .4'5'=»90°, or a 
quadrant. 

Let ABC\i^ its polar triangle. 

Then since 

A'B'^- C= 180°, C- 90°. 

.•. ABC is a right triangle. 

.*. all parts of the polar triangle 
may be found by formulas for right 
triangle. The parts of A^B'(y may 
then be found by subtracting proper 
parts of ABO from 180°. 

24. Solve the quadrantal triangle 
whose sides are : 

a =174° 12' 49.1", 

6= 94° 8' 20", 

c- 90°. 
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Let A\ 5^ C, a\ 6^ cf repre- 
sent the corresponding angles and 
Bides of the polar triangle. 

Then A'= S* 47' 10.9'^ 

tan» J c' 

- -cos(5'+il08ec(5'-ilO. 

^'+ -4'- 91<» 38' 50.9''. 

5/_^/«8(y* 4' 29.1". 

logcos(5'+A0 -8.45863 
log sec (5'- -40 - 0.76356 

2)9.22219 
log tatf}c' = 9.61110 

Jc'=- 22*»12'56f". 
</- 44° 25' 53". 
C- 135'* 34' 1". 

tan« i 6'- tan [} (5'+ il') - 46°] 

tan [45°+} (-5'- ^0]- 
} (il'+ 5') - 45° = 49' 25.5". 
45°+ J(^'- ^0 - 8^** 2' 14.6". 

log tan 0° 49' 25.5"- 8.15770 
log tan 85° 2' 14.6"^ 11.06133 

2) 9.21903 
log tan} 5'- 9.60952 

}6'- 22° 8' 35". 
6'- 44° 17' 10". 
B - 135° 42' 50". 

tan« } a'- tan [} (5'+ il') - 45°] 

tan [45° - } (5'- -4')]. 

}(5'+-4') - 45° - 0° 49''25.5". 

46° - } (jB'-il') - 4° 57' 45.4". 



log tan 0° 49' 25.5"- 8.15770 
log tan 4° 57' 45.4"- 8.93867 

2 ) 7.09637 

log tan} a'- 8.54819 

}o'= 2° 1'25". 

a'= 4° ^'50". 

^=175°57'K^./^ 9 



f 



25. Solve the qnadrantal triangle 
in which 

c-90°, 

A - 110° 47' 60". 

B - 135° 35' 34.5". 

Let il', -B', Cr, a', 6', (/ repre- 
sent the corresponding angles and 
sides of the polar triangle. 

Then a'- 69° 12' 10". 
6'- 44° 24' 25.5". 
0^=90°. 

tan il'— tan a' esc 6'. 

log tan a' = 10.42043 
log CSC 6.' = 0.15505 
log tan -4'= 10.57548 

il/- 75° 6' 58". 

a - 104° 53' 2". 

tan 5'— tan 6' csc a'. 

log tan 6'- 9.99101 
log csc o'- 0.02926 
log tan -B'- 10.02027 

5'- 46° 20' 12". 

h - 133° 39' 48". 

cos </ =» cot -4' cot-B'. 
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log cot A'^ 9.42452 
log cot B'^ 9.97973 
log cos c' = 9.40425 

</= 75°18^2P^. 
(7=104°4P39^^ 

26. Given in a spherical triangle 
A, C, and c = 90° ; solve . the tri- 
angle. 

sin a = sin c sin A, 

«lXl. 
/. o = 90°. 

tan h = tan e cos A 
= 00X0. 




28. Given in a right spherical 
triangle, ^ = 42° 24^ 9^^ ^ =- 9° 4^ 
11''''; solve the triangle. 

cos c «= cot -4 cot B, 

log cot A = 10.03943 
log cot jg= 10.79688 

log cose =10.83631 
which is impossihle. 

.'. triangle is impossible. 

29. In a right triangle, given 
a =119° IF, 5 = 126° 54^; solve 
the triangle. 

tan c » tan a sec ^. 

log tan a » 10.25298 
log cos B = 0.22154 

log tan c =10.47452 

c =71°27M3/^ 

tan b = sin a tan B. 

log sin a = 9.94105 
log tan 5 = 1012446 

log tan 6 =10.06551 

b = 130° 4P 42'^'. 

cos .dl = COB a sin B, 

log cos a = 9.68807 
log sin B = 9.90292 

log cos A = 9.59099 

-4 = 112° 57^ 2^^ 

30. In a right triangle, given 
c = 50°, 6 = 44° 18' 39^'' ; solve the 
triangle. 

cos a = cos c sec b, 

log cose =9.80807 
colog cos b = 0.14535 

log cos a = 9.95342 

a = 26"" 3' 51'^. 



> /--v 
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sin A - 
log sin a > 

log CBC c < 

log sin A •■ 
A' 

log tan b ' 
log C8C a ' 

log tan B 
B 



8in acscc. 

9.64284 
0.11575 

1 9.75859 
35°. 

> tan 6 CSC a. 

. 9.98955 
■ 0.35716 

- 10.34671 
- 65° 46^ 7'r 



8in*& =8in*cBin'^ 

- sinV (l-coii»5). (2) 
OM^B » tan*a cot^e 
sin'a ^ , cos'c 
cos^a Bin'c 

Sabstitnte in (2), 

,^ sin'a cob'c 



Bin* 6 »s Bin'? 



cos'^a 



31. In a right triangle, given 
A - 156° 20^ 30'^ a = 65° 15M5^^; 
solve the triangle. 

It is impossible, becanse a and A 
are nnlike in kind. And, in Case 
III., ihey must be alike in kind; 
otherwise, impossible. 

32. If the legs a and 6 of a right 
spherical triangle are equal, prove 

that cos a — cot il « Vcosc. 

eoB € «• cos a coe b. 
But cos a >» coe (. 

.*. cos c =» cos'a, 
and .*. cos a = Vcosc. 

sin a a= cos a sin b tanil. 
Since sin a « sin 6, 

1 =s cos a tan A. 

1 
cos a «» y 

tan A 

.'. cos a = cot A. 



33. In a right triangle prove that 
cos^jI X Bin*c =» sin (c - o) sin (e + a). 
COB J. sin e » cos a sin b, 
.-. coB*^ sin^c = cos'a Bin*6. (1) 



8i n*c cos^a - si n ^a cos'e 

•UX ' ' ' I ■ - , 

Substitute in (1), 
coB*a sin'ft = sin'c coa*a— sin'a cos*c 
= (sin c cos a + sin a cos c) 
(sin c cos a — sin a cos e) 
s- sin (c + a) sin (c — a). 

Substitute in (1), 
cos'il sin'c — sin (c + o) sin (c — a). 

34. In a right triangle prove that 
tan a cos e = sin 5 cot B. 

asx b^ tan a cot A. 

eotil— , • 

tana 

cos c = cot A cot -B. 

. * cose 
cotil=-— ^• 

COt-D 

COS c sin b 

* ■ P"* ■■■■ I !■ ■ 

"cot^ tana 
tan a cos c = sin & cot B. 

35. In a ri^t triangle prove that 
ain^A = cos*^ + sin'a Bin*5. 

sin a = sin il sin c, 

. , A sin'a 
sin'c 

cos 5 = tan a cot c. 

cos*5 = tan'o cot'c 
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sin'^— co8*i? 



«!iB!?_tan«acot»c 



sm^c 



sin'a _ sin'o coe'c 
sin^c oo8*a sin'c 

sin'g cos^g — ein^a C08*c 
cos'a 8in*c 

sin'o (coB^g — cos'c) 
co8*g sin'c 



(1) 



Now 



cos e 


s cos a cos 5. 


C08*0 


cos'c 

C08*6 


cob'c 


= C08*O COB'6. 


sin e 


Bin b 
BinB 


8in*c 


Bin^b 



Bin^B 



Substitute these values in (1), 
Bin*g — cos'-B 



sin'g 



CQS^C 
C08*6 



— cos*g coB*6 



COS'^C 



X 



8in*'^6 



sin'g 



coB'^ft 8in'5 

r cos'c — cos^g co8*6 " 

cos^6 

cos^c sin'-'ft 



co8*6 sin^i? 



' COS^C —COB 



8in*a Bin^i?! , . „, 

L V C08*C BIQ^'O 

( 



»gcoB*6 \"| 
lin^b JJ 



• « • • D /'cos'c — cos'g cos*6\ 
Bin'o sm'^ ( 2 — T-r, I • 



cos^c Bin^6 



B 




But 



C08*C — C0B*g C08*6 

cob'c Bin^6 



OE* - ^^^ ^^ 



OD* 



'0E\ DE^ 



OD' 



OE'x OD' - OE' 



OE^X ED' 



OD' - OE' 

ED' 
= 1. 

.-. sin^il — cob'-B = Bin^g Bin'5. 

.-. sin^il = cos'-5 + sin^g Bin*-B. 

36. In a right triangle prove that- 
sin (6 + c) = 2 COB* J g cos 6 sin c. 

Bin (6 + c) 

= Bin b cos e + cos b sin c 

^co8 6 sin c / 
= (tan b cot c+1) COB b sin e. (1) 
But tan 6 cot c = cos A, 
.-. tan 6 cote +1 = cos il + 1. (2) 
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'COS 4 + 1 



cos} A 



Substitate in (2), 
(tan J cote + 1) - 2 coe» } A. 

Substitute in (1), 

sin (6 + c) =- 2co8'}ilco8 6sinc. 

37. In a right triangle prove that 
sin (c — 6) — 2 sin' } a cos 6 sin c. 

sin (c — b) 

"> sin ecosi — coe e sin b 



sin e cos b 



(2 cosfsinS N 
sine cos 6y 



(1) 



— sin e COB b ( l~cot c tan b). (2) 
cot c tan 6 » cos ii. 

1- cote tan 6 - 2 [ ^ ~ ^^ ^ Y (3) 

sinM-A/^^^^ 
^ 2 

Substitute in (3), 

1 ~ cot c tan 6 — 2 sin' } A. 

Substitute in (2), 

sin (c — 6) — 2sin' } a sin e cos 6. 

38. If, in a right triangle, p de- 
note the arc of the great circle pass- 
ing through the vertex of the right 
angle and perpendicular to the 
hypotenuse, m and n the segments 
of the hypotenuse made by this arc 
adjacent to the legs a and b respec- 
tively, prove that 

(i.) tan'a « tan c tan m, 

(ii.) sin^ — tan m tan n. 




In triangle BCA 

coe J? = tan a cot e. 
cos B 



.*. tan a 



cot c 



In triangle CBD 

tan 5C= tan 52) sec 5. 

tan a » tan m sec B 

^ tan m 

coaB 

Multiplying the two equations, 

COS B pot c 
— tanm tanc. 

2d. In triangle CBD 

sin p = tan m cot M; 
and in triangle CAD 

Binp =» tan n cot JV. 
But cot Mx cot iV= 1. 
.-. 2f + JV= 90°. 
.*. sin'p » tan m tan n. 
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ExEECiSE XXIII. Page 116. 



1. In an isosceles spherical tri- 
angle, given the base b and the side 
a ; find A the angle at the base, B 
the angle at the vertex, and h the 
altitude. 

Let ABA' be an isosceles trian- 
gle, A and A' being the equal 
angles, a and a,' the equal sides. 

Let A the arc of a great circle be 
drawn from B perpendicular to 
AA''. 

Let h and co. c be the given parts. 

h^\h in triangle ABA'^ 
e= a in triangle ABA'. 
B'^iBin triangle ABA'. 

cos A » cot a tan } b. 
Binib » sin a sin i B. 
sin } ^ » CSC a sin i b. 
cos h *» COS a sec } b, 

2. In an equilateral spherical 
triangle, given the side a ; find the 
angle A. 

In the equilat. triangle AA'A" 
draw arc -AC J. to A' A", 

Then in right triangle AA'C, 
given a. 

sin } J. » sin } a esc a 






1 — cos a 



sin a 



1 — cos a 



2{l-cos«a) 

^ 2(1 + cos o) 

2 ^ 1 + cos a 
\ sec } a. 



Also, COB ii "- tan j[ a cot a 



V 



1— COS a _cofl'a 
1+cosa 1— co«*a 



--cosax 



1 



1 + cos a 
— COB a } sec* } a. 



8. Given the Bide a of a regular 
spherical polygon of n sides ; find 
the angle A of the polygon, the 
distance R from the centre of the 
polygon to one of its vertices, and 
the distance r from the centre to the 
middle point of one of its sides. 




In the regular polygon ABBE 
draw arcs from the vertices A^ B, 
etc., through the centre C, and from 
C7 to if, the middle of one side. 




,^ L^^ 
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Thea 



also 
and 






360*> 



and 



n 
n 

il2f - } a, 

MC~T. 



In equilateral right triangle CJ/ii 
represent the parts by letters A\ 
B\ Cf, etc. 

sinil' — COB -B^ sec 6^. 



Substituting known values, 



sin } il *- sec I a cos 



180* 



n 



Or, 



Or. 



sin t/ — sin &' esc B'y 
BiniS — sm^acsc 



n 



sin o' — tan h' cot -B', 
Binr — tan^acot 



n 



4. Compute the dihedral angles 
made by Uie faces of the five regu- 
lar polyhedrons. 

Let the figure ABCD represent a 
tetrahedron. 

It is required to find the dihedral 
angle ADCB or the corresponding 
plane angle DFO. 

l)AF^e(P 

(since it is an angle of an equilat- 
eral triangle). 

DFA =» rt. triangle 

{DF being ± to AQ since it is a 
side of the plane angle DFO corre- 
sponding to the dihedral angle 
ADCB). 



Let 
Then 



AD^l, 
DF 



sin 60<>. 



AD 

DF^ AD Bin 6(P. 

log AD - 0.00000 
log sin 60<» = 9.93753 - 10 

log DF 
AF 



9.93753 - 10 



, ^ cos 60**. 
AD 

AF = AD cos 60<>. 

log AD « 0.00000 
log cos 60* - 9.69897 - 10 



log AF = 9.69897 - 10 

Draw OA from centre of triangle 
ABC. 

OAF^iCAB^dO^ 

(since OA produced to the middle 
of the opposite side CB will pass 
through the centre and will also 
bisect the angle CAB, CA and AB 
being equal}, 

OFA — rt. triangle 
(since OFia ±to AC). 

/. ^= tan 30O. 
AF 

0F^AFtfiu3(P. 

log AF - 9.69897 
log tan 30°- 9.76144 - 10 

log OF -= 9.46041 - 10 

^^ cos DFO. 
DF 

log OF ' - 9.46041 - 10 
colog DF = 0.06247 

log cos DFO = 9.52288 - 10 

DFO = 70° 31' 43'^ 



^ 




e-» , 



I '/ 



r 



i'\ 



t^ 







^■.^, 4 







■IQC 




. / 
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log AC 
log sin 108^ 
colog sin 36'' 
log AD 

AD 
\AD 



log sin \ AOD^log }ilZ>+cologilO. 

log \ AD -0.41798 

colog AO - 9.51177 

logBiD}ilOi>» 9.92975 

JilOi)- 58«16'52'^ 
AOD^W&'Z^'Wr 




0.71J 

5.2361. 

2.61805. 




Let AOB, BOQ COD, etc., be 
equilateral triangles forming five of 
the snrfaces of a regular icosahe- 
dron, and let AB, BC, CD, etc. = 1. 

Ref^ding AB£lfiE as a plane 
pentagon, each angle — 108°. 

.-. il5(7=108«, 

^ilC=36o. 

In a triangle of which sides are 
AB, BC and ^C (regarding ^(7 
^■a«?['8tfaTgliTlin6 joHwng centres of 
bftses t)T triangles AQB and -BOC), 



sin DCB :AB:: sin ABC: Ai>C 



0.00000 
9.93753 
0.30103 

0.23856 
1.73204. 
^ADC. 
0.86602. 



AC IS 9, diagonal of plane |9enta- 
gon ABCDE. 

.*. sin FCB. AB : ' 



.-. AC^ 

log AB 
log sin ABC » 
colog sin FBC = 

log AC 

AC^ 
But AF=^ 



: sin ABC .AC. 

ABfiiuABC 
sin FCB 

0.00000 
9.97821 
0.23078 

0.20899 
1.61804. 
iAC 
0.80902. 



In right triangle AF. 

AF 




.-. Aic^ 



A B sin AB 



Y sin DCB 




sin ApF ^ 

or log sin Ai^^ 16 
log AF 
colog aA^ ~ 0..06giZ -,^ 
log sin AJB(F^ 9.97043 ^. - - 

A:^'^w^"is^\^ ^ 

But ABF^A-OB-C..^^ 

.'. A-0B-G'= 138° 11^ 36'^ 

5. A spherical square is a spheri- 
cal quadrilateral which has equal 
sides and equal angles. Its two 
diagonals divide it into four equal 
right triangles. Find the angle A 
of the square, having given the 
ide a. 



rP 



/ > 
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Let ABCX be a spherical square, 
and CA, BX the two diagonals; 
also, let the side BA » x, then XA 
will = X (being equal si 



A]^o 



COBX 



smx 



tana;«- 



\^ 



cos a. 



DE 
OD' 

BD 
OD 



By [37], cos a = cos 2 X COB 2 

»= cos'x. 



Dividing first equation by the 

second, 

DE , ^ 
cos » =» -— - — cot X. 

BD 

But X^iA 

(diagonals of a square bisect the 
angles). 

Substitute cot } il for cos a; ; 
cot } ii * Vcosa. 



ExEECisE XXIV. Page 119. 



1. What do Formulas [43] be- 
come if ^ = 90°? if 5 = 90°? if 
C=90°? ifa = 90°? if^--B=- 
90°? ifo = 6 = 90°? 

If ul = 90°, 

sin a sin 5 = sin 5, 

sin a sin C = sin e. 
If 5 = 90°, 

sin a = sin 5 sin A, 

sin beinC => sin c. 

If C- 90°, 

sin a = sin e sin A, 

sin b » sin c sin B. 

If a = 90°, 

sin B =^Bmb sin A^ 
sin C = sin c sin A. 

If il = 5 = 90°, 
sin a = sin b. 

If a = b =90°, 
sin B = sin A. 



2. What does the first of [44] be- 
come if il-0°? if -A-90°? if 
^ = 180° ? 

Ifil = 0°. 
cos a = COS 5 cos c + sin 5 sin e. 

If -A = 90°, 
cos a = cos b cos e. 

If il = 180°, 
cos a = cos 5 cos c — sin 6 sin c. 

3. From Formulas [44] deduce 
Formulas [45], by means of the 
relations between polar triangles 

a 45). 

Substituting in Formulas [44] for 
a, &, and c, their equals, 180° —A^, 
180° - B\ 180° - (y, we obtain 

cos (180° -^0 
- cos (180° - B^ cos (180° - CT) 

+ sin (180° - B^ sin (180° - (7) 

cos (180° - A'), 



138 



TRIGONOMETRY. 



Substituting for co8(180*»-il0, 
etc., their equals — cos A\ etc., we 
obtain 

— cos il'»» cos B' cos (y 

— sin B' sin C cos a'. 

Multiply by — 1, 



cos A^= — cos B^ cos C 

+ sin B^ sin C cos a'; 
and similarly, 

cos B^^ — cos il' cos C 

+ sin A^ sin C cos 6^. 

cos C— — cos il' cos B^ 

+ sin .4' sin B^ cos c^. 



Exercise XXV. Page 124. 



1. Write formulas for finding, by 
Napier's Rules, the side a when 6, 
c, and A are given, and for finding 
the side b when a, c, and B are 
given. 

(i.) By Rule I., 

cos A » cot h tanm, 

whence tan m = tan 5 cos A. 

By Rule II., 

cos a sscosn cos|7, 

whence cos|7 «« cos a sec n. 

cos 5 «cosmcosj:>, 

whence cos|7 ~ cos b sec m. 

.*. cos a sec n = cos ( sec m. 

Or, since n »(c — m), 

cos a = cos 6 sec m cos (c—m). 



(ii.) By Rule I., 
cos B 

whence tan n 
By Rule II., 
cos b 

whence cosp 
cos a 

whence cos 2? 
.'. cos b sec m 

Or, since m 



~ tan n cot a^ 
= tan a cos .8. 

= cosm cosp, 
= cos 6 sec m. 
= cos n cosp, 
= cos a sec n. 
= cos a sec n. 
= (c-n), 



cos 6 = cos a sec n cos (c — n). 



2. Given find 

6-124* 7a7^^ B=\Z2!'\Vm^, 
C- 50° 2' 1^'; c= 59° 4^8'^ 

}{6-a)= 17° 57' 28.5^'. 

}(o + 6) = 106° 9M8.5'^ 

}C= 25° 1' 0.5'-'. 

log cos J (6 -a) =9.97831 
log sec J (a + 6) -=0.55536 
log cot i (7 =9.33100 

log tan}(^ + B)= 0.86467 



logsec J(il-f J?) 
log cos ]^(a if ^) 
log sin \ C 

log COB } c 

logsin}(6 — a) 
log CSC }(a + b) 
log cot J C 

log tan} (^--4) 

\{A + B)^ 
A 
B 



0.86868 

9.62622 

9.93954 
29° 32' 9''. 

9.48900 
0.01751 
0.33100 

9.83751 

34°3F24''. 

97° 46' 35". 

63° 15' 11". 
132° 17' 59". 



c- 59° 4' 18". 
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3. Given find 

a = 120° 55' 35'^ -4 = 129° 58' 3'', 

&= 88° 12' 20'', B= 63° 15' 9", 

a= 47°42' 1"; c= 55°52'40". 

}(a-6)= 16° 21' 37.5". 

J (a + 6) = 104° 33' 57.5" 

}C« 23° 51' 0.5" 



log cos J (a — 6) •■ 
log sec } (a + &) : 
log cot } C 
logtan}(il + 5) = 

log sin} (a — 6) « 
logc8c}{a + &) = 
log cot J C 
log tan J (il- 5): 



9.98205 

0.59947 

0.35448 
10.93600 
96° 36' 36". 

9.44976 
0.01419 
0.35448 



9.81843 
33° 21' 27". 
96° 36' 36". 



A = 129° 58' 3". 
5= 63° 15' 9". 



log sec} (^ + 5) 
log cos} (a + 5) 
log sin } C 

log cos } c 

ie 



4. Given 
b = 63° 15' 12", 
c = 47°42' 1", 
^ = 59° 4' 25"; 



0.93890 
9.40053 
9.60675 

9.94618 
27° 56' 20". 
55° 52' 40". 



find 
5 = 88° 12' 24", 
C= 55° 52' 42", 
a =60° 1'40". 



}(6 + c)- 55° 28' 36.6". 

} (6 - c) - 7° 46' 35.6". 

}il- 29° 32' 12.6". 



l0gC08}(6— c) 

colog cofl } (6 + c) 
log cot }.^ 

log tan} (5 +C) 
HB+C) 

log sin} (6 -c) 
colog Bin i{b-\-c) 
log cot} ./I 

log tan }(5- 0) - 9.46217 

}(5-C)-16° 9'61". 

}(5 + C)-72° 2' 33". 

B = 88° 12' 24". 

(7- 65° 62' 42". 



9.99699 

0.24662 

10.24671 

10.48932 
72° 2' 33". 

- 9.13133 

- 0.08413 
- 10.24671 



log cos} (6 + c) 

colog C08}(5-|- C) 

log sin } J. 
log cos } a 

1« 



9.75338 
0.51101 . 
9.69284 ' 

9.95723 
25° 0' 50". 
a = 50° 1' 40". 



5. Given find 

&= 69° 25' 11", B= 66° 11' 57", 
c« 109° 46' 19", C = 123° 21' 12", 
A^ 54° 54' 42"; a= 67° 13'. 

} (c - 6) = 20° 10' 34". 
} (c + 6) = 89° 35' 45". 
iA =27° 27' 21". 



log cos } (c — b) 
colog cos } (c + 5) 
log cot} -4 

logtan}(C+J?) 

HO-^B) 



9.97250 

2.15157 

10.28434 

12.40841 

89° 46' 34.5". 
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log Bin J (c-^) - 9.53770 

colog8in}(c + 6) - 0.00001 

log cot M » 10.28434 


logco8j(c + 6) -7.84843 

colog cos }(C+ i) - 2.40837 

log sin M -9.66376 


logtan}(C-5)- 9.82205 


log cos } a - 9.92056 


i{C-B)= 33<» 34' 37.8^'. 


J a - 330 36' 30^'. 


C- 1230 2V 12'^ 


a - 67° 13'. 


5= 56«11'57''. 





Exercise XXVI. Page 126. 



1. What are the formulas for com- 
puting A when B, Q and a are 
given ; and for computing B when 
A, Q and b are given ? 

By Rule I., 

cos a = cot y cot B, 
.'. cot y = tan B cos a. 
By Rule II., 

cos ^ = cos|7 sin x, 

.'. cos p — cos A CSC X. 

cos B = coap sin y, 
.*. coe p — cos -B CSC y. 
.*. COB -4. CSC a? = cos 5 CSC y. 
Or, since x= C—y, 

cos -4 = cos^c6cy8in(C— y). 

(ii.) By Rule I., 

cos h = cot X cot A^ 
.*. cot X = tan A cos 6. 
By Rule II., 

cos A = cosp pin a?, 

.*. cos p — cos -4. C8C X. 

cos 5 = co8jD siny, 
.'. cos p = cos B CSC y. 
.*. cos B cacy = cos il esc a?. 
Or, since y = C—x, 

cos 5 = cos -A ci?c X sin (C— a;). 



2. Given find 

il= 26*58' 46", a= 37** 14' 10". 

5= 39° 45' 10", 6 = 12P28'10". 

c-154°46'48", C=161°22'll". 

i{B-A)= 6° 23' 12". 

i(B + A) = 33° 21' 58". 

J c - 77° 23' 24". 

logco8l(^-^)= 9.99730 
log sec J (-5 + -4) = 0.07823 
logtanjc = 10.65032 

logtan}(^ + a) « 10.72585 



log sin i{B + A) 
log sec i(b — a) •■ 
log cos i e 

log cos J C 



9.74035 
0.12972 
9.33908 

9.20915 

80° 41' 5.4". 



log sin J (^ - ^) = 9.04625 
log CSC J (5 + .4) = 0.25965 
logtanjc = 10.65032 

log tan i (6-0) - 9.95622 

i{&-o) = 42° 7'. 
ilb + a) - 79° 21' 10". 

6 -121° 28' 10". 

a- 37° 14' 10". 

C= 161° 22' 11". 
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3. Given find 

-d. = 128^ iV 49^^, a = 125° 41' 44^', 

J5=107°33'20'^ 5= 82<'47'34'', 

c = 124°12'3P'; C-»127**22^ 

i{A~B)= 10<» 34' 14.5'^ 

J (ii + ^) - ii8<> ru.yr 
ie =62? enb.y^. 



log COS i{A — B) 
cologcos J(-4.+J?) 
log tan \ c 

logtanJ(a + &) 



9.99267 

0.32660 

10.27624 

10.59541 
104'' 14' 38.5''. 



log sin} (^-5)= 9.26351 

colog8in}(^ + J5)« 0.05457 

log tan }c =10.27624 



log 


tan}(a 


-6) 


= 9.59432 




J(a- 


-J) 


= 21<>27' 5". 






a 


= 125^41' 44". 






b 


= 82<»47'34". 


log 


sin i {A 


+ ^) 


= 9.94543 


colog 


cos J (a - 


-b) 


= 0.03118 


log 


cos} 6 




= 9.67012 


log< 


cosJC 




= 9.64673 






iO 


= 63° 41'. 






C 


- 127° 22'. 



4. Given find 

j&=153°17' 6", 6= 152° 43' 51", 
C7= 78° 43' 36", c= 88° 12' 21", 
a= 86° 15' 15"; ^« 78° 15' 48". 

} (5 +(7) = 116° 0'21". 
i(B-C)= 37° 16' 45". 
}o =43° 7' 37.5". 



logcoe J(J5-C^ 
logsec§(J5+a) 
log tan } a 

logtan}(6 + c) 
logBini(B-C) 

l0gC8C}(J5+C) 

log tan }a 
logtan}(6-c) « 
Hh-c) . 



9.90074 
0.35807 
9.97159 

0.23040 
120° 28' 6'^. 

9.78226 
0.04636 
9.97159 

9.80021 
32« 15/ 45". 



log sin § (5 +C)- 9.95364 
log sec} (6 -c) -0.07283 
log COS }a = 9.86322 

log cos} J. -9.88969 

} -A - 39° 7' 54". 
5 = 152° 43' 51". 
c- 88° 12' 21". 
-A- 78° 15' 48". 

5. Given find 

-4 = 125° 41' 44", a=128°31'46", 

(7- 82° 47' 35", c = 107° 33' 20", 

6= 52° 37' 57"; 5= 55° 47' 40". 

} (^ + C) - 104° 14' 39.5". 
i{A-C)= 21° 27' 4.5'>:. 
}6 - 26° 18' 58.5". 

log cos } (-4 - C) = 9.96883 
log sec }(^ + C) = 0.60896 
log tan} 6 - 9.69424 

logtan}(a + c) =0.27203 

i{a + c) -118° 7' 33". 

log sin }(^ + C) = 9.98644 
log sec} (a -c) =0.00743 
log cos} 5 -9.95248 

log cos } 5 = 9.94635 

} -B = 27° 53' 50". , 
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logsinH^-C') 

logC8ci(il+ C) 

log tan } b 
logtaDj(a — e) 



9.56313 
01356 
9.69 124 

9.27093 




}(a-c) - 10°24M3^^ 

a = 128« 

e = 107° 33^ 20^'. 

£^ 55^47^40^^ 



Exercise XXVII. Page 128. 



1. Given find 

a= 73*>49>'38'^ 5-116*»42^30^^ 

ft- 120O53>'36^^ c-12(y'67^27'^ 

.4- 88*62^42^'; a-116«>47' 4^^ 

log Bin A - 9.99992 

log sin b - 9.93355 

log CSC a -0.01753 

log sin B » 9.95100 

J?-[180*>-(63''17^30'0] 
- 116«> 42^ 30^'. 

} (B+A) - 102«» 47^ 36^^ 

i(B-A)^ 13«54'54''. 

}(6 + a)= 97*»2r36.5'^ 

iib-a)^ 23«3K58.5^^ 

log sin } {B^A) = 9.98908 
logc8c}(jB-^)- 0.61892 
log tan } (6 - a) » 9.63898 

log tan }c =10.24698 

}c= 60^28^43.5^^. 
c =120*57^27^^. 

log sin i (6 + a) = 9.99641 
log CSC i{b-a) ^ 0.39873 
log tan i (B-Al) = 9.39401 

log cot i C = 9.78915 

}C= 58<>23^32^^ 
(7-116° 47' 4'^ 

2. Given a = 150° 57' 5''. 

6 = 134° 15' 54", 

A = 144° 22' 42" ; 



find -Bj = 120° 47' 45", 
J5,- 59° 12' 15". 
Ci- 55° 42' 8". 
c,- 23° 57' 17.4", 
Q= 97° 42' 55", 
Q= 29° 8' 39". 

^>90°, (a + 6)>180°, a>b; 
hence two solutions. 

I. sin Bi — sin J. sin ft esc a. 

= 9.76624 
- 9.85498 
-0.31377 



log sin A 
log sin b 
colog sin a 
log sin Bi 



- 9.93399 
J?i - 120° 47' 45". 
J?,= 59° 12' 15". 



i (o - ft) « 8° 20' 35.5". 
J (a + ft) = 142° 36' 28.5". 
m-B,)^ 11° 47' 28.5". 
i(^-^2)= 42° 35' 13.5". 

log sin i{a + b) =9.78338 
log esc J (a - 6) = 0.83833 
log tan i (A-Bi) = 9.31963 
log cot } Q = 9.94134 

J C; = 48° 51' 27.7". 
Ci = 97° 42' 55.4". 
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log sin J (a + 6) = 
log CSC i{a — b) ■• 
log tan i {A-B^- 

log cot i Ci 



9.78338 
0.83833 
9.96338 • 

10.58509 

14° 34' 19.6^'. 

29° 8^39'^. 



} (^ + ^i) = 132° 35^ 13.5'^ 
\{A + B^ = 101° 47' 28.5^'. 

log sin J (^+-Si)= 9.86703 

colog sin i {A-B^)= 0.68963 

logtanJ{a-6) = 9.16629 

logtanjci =9.72295 

} Ci = 27° 51' 4". 
Ci=55°42'8". 



log sin \{A-\-B^- 
colT)g sin J (A- 5,)^ 
log tan J{o — 6) 

log tan \ c. 



9.99074 
0.16960 
9.16629 

9.32663 

: 11° 58' 38.7". 
: 23° 57' 17.4". 



log sin A 
log sin h 
colog sin a 

log sin B 

tan c = 
cot C- 

log COfi J. 
log tail h 

log tan 6 

log tan A 
log cos h 

log cot (7 



3. Given find 

a = 79° 0'54.5", 5=90°, 

6 = 82° 17' 4", c= 45° 12' 19", 

ul = 82° 9' 25.8"; C=45°44'. 



9.99592 
9.99605 
0.00803 

0.00000 
90°. 



5 = 

cos A tan h. 
tan A cos 6. 



= 9.13499 
^ 10.86812 

= 10.00311 
c = 45° 12' 19". 

= 0.86092 
= 9.12793 

= 9.98885 
C= 45° 44'* 




4. Given a = 30° 52' 36.6". 6 = 
31° 9' 16", -4 = 87° 34' 12" ; show 
that the triangle is impossible. 

From [48] 

sin B = sin A sin h esc a. 



log sin A 
log sin 5 
log CSC a 

log sin 5 



im 



= 9.99961 
= 9.71378 
= 0.28972 

= 0.00311 
sin J5= 1.009. 

, since sin J5>1. 



Exercise XXVIII. Page 129. 



1. Given find 

^ = 110°10', 6 = 155° 5'18", 

5= 133° 18', c= 33° 1'36", 

a =147° 5' 32"; C= 70° 20' 40". 

sin h = sin a. sin B esc A. 



log sin a 
log sin B 
colog sin A 
log sin 5 



= 9.73503 
= 9.86200 
= 0.02748 
= 9.62451 
h = 155° 5' 18". 



r ■ 
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" ^ 

^ ^ 



i(6-a) 



121° W, 
IP 34^ 



log Bin i {B+A) ■■ 

colog sin J {B—A) • 

log tan i{b — a) ■■ 

log tan i c 

e 

colog sin § (6 — a) ^ 
log sin J (A -I- a) > 
log tan ^ {B-A) 

log cot J (7 

(7 



9.92968 
0.69787 
8.84443 

9.47198 
le*' 30^ 48^^ 
33« 1^36^^ 

0.16663 
9.68433 
9.31104 

9.15200 
■• 35<> 10^ 20^^ 
' 70«> 20^ 40'^ 



2. Given find 

i4-113''39^2K^ 5 = 124° 7^20^', 

B = 123°40a8^^ c=159°53^ 2'^ 

a= 65° 39^6^^; C=159°43^35^^ 



log sin a 

log sin ^ 

colog sin A 

log sin 5 



- 9.95959 
= 9.92024 
^ 0.03812 

- 9.91795 

b - 124° 7''20'^ 



i (5 + ^) = 118° 39^ 49.5^^ 
i{B^A)= 5° 0^28.5^^ 
i(b-a) - 29°13^52^^ 
J(& + a) - 94° 53^ 33^^. 

log sin J (5+^) = 9.94422 

colog sin } (5-^) - 1.05901 

logtanJ(6-a) =» 9.7478 9 

log tan ic =10.75112 

}c- 79° 56^ 

c = 159° 53^ 



log sin i{b-\-a) •■ 

colog sin J (6 — o) ' 

•log tan J (5-/) . 

log cot } C 

c 



9.99842 
0.31128 
8.94264 

9.25234 
79°5F47.7^''/ 
159°4S^35^^ 



3. Given find 

^-100° 2ai.3^^5= 90°, 
5= 98°30^28^^ c=147°41M3'^ 
a= 95°20^38.7'';C=148° 6^33^^ 



log sin a 
log sin B 
log esc A 

logain b 



« 9.99811 
= 9.99519 
-000670 

= 0.00000 
««dO°. 



J (^ + 5) = 99° 16^ 19. 7'^ 
i{A-B)^ 0°45^51.7^^ 
J (a -6) « 2°40M9.4'^ 



log sin } (A-\-B) 

col6g sin } {A—B) 

log tan i(a~b) 

log tan i c 



C = 



log sin J (a + 6) ' 

colog sin } (a — 6) < 

log tan J (-4-^ ' 

log cot J C 

iC 

c 



9.99428 
1.87484 
8.66904 

10.63816 

73°60^51.7'^ 
147041/43// 

9.99953 
1.33144 
8.12520 



9.45617 
74° 2^ 46.3^^. 
148° 6' 33^^ 



4. Given ^ = 24° 33^^ 9^^ B^ 
38° 0^ 12^^ a = 65° 20^ 13^' ; show 
that the triangle is impossible. 
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cot X = COS a tan B. 



log COS a 
log ts^n B 

log cot X 



= 9.62042 
= 9.89286 

= 9.51328 
X = 71° 56' 30". 



flin (c — a) = COB il sec -B sin x. 



log cos A 
log sec B 
log sin X 

log sin (c — a) 
sin (c — a?) 



= 9.95884 
= 0.10349 
= 9.97806 



= 0.04039 
= 1.0974. 

Since sin (c ~ jc) > 1, the angle C 
is impossible. 

.•. the triangle is impossible. 





Exercise XXIX. Page 131. 




1. Given find 


^ = 116° 44' 49", 


a 


= 120°55'35", il = 116°44'49", 


5= 63° 15' 14". '. 


h 


- 59° 4' 25", 5= 63° 15' 14", 


C= 91° 7' 21". 


c 


= 106° 10' 22"; C= 91° 7' 21". 






a = 120° 55' 35" 
6= 59° 4' 25" 
c = 106° 10' 22" 

2« = 286° 10' 22" 
« = 143° 5' 11". 


2. Given find 
a= 50° 12' 4", A= 59° 4' 28", 
6 = 116°44'48", B= 94°23'12", 
c = 129° 11' 42"; C=120° 4' 52". 




«-a= 22° 9' 36". 
«-6= 84° 0'46". 
«-c= 36° 54' 49". 


a= 50° 12' 4" 

h = 116° 44' 48" 
c = 129° 11' 42" 


» 


log sin (8 - o) = 9.57657 
log8in(«-6) = 9.99763 
log8in(«-c) = 9.77859 
log CSC « = 0.22141 

log tanV = 19.57420 
log tan r = 9.78710. 

tan } -4 = tan r esc (« — a). 


2« = 296° 8' 34" 

« = 148° 4' 17". 

«-a= 97° 52' 13". 

«-6= 31° 19' 29". 

«-c= 18° 52' 35". 




log tan M =10.21053 
log tan} 5 = 9.78948 
log tan } (7 = 10.00851 

i^= 58° 22' 24.8". 
} 5 = 31° 37.2'. 


log sin (« - a) = 9.99589 
log sin (8 -6) =9.71591 
log sin (a - c) = 9.50992 
. log CSC 8 = 0.27666 
logtan'r =9.49838 




}C= 45° 33' 40.8". 


log tan r =9.74919. 



J . 
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logUniil -9.75330 
log i&niB - 0.03328 
log tan J C - 0.23927 



J^- 


29° 32^' W, 


J5- 


47°ll^36^^ 


JC- 


60° 2^26^^ 


A" 


59° Af2&''. 


B^ 


94° 23' 12^'. 



C-120° 4''52''. 

8. Given find 

a-lSPSS'. 4'^ il-132°14'2F^ 

6-108°30'14''', J5=110°10'4O'^ 

c- 84°46'34''; a- 99°42'24'^ 



A = 132° 14' 21''. 
jB=110°10'40". 
C- 99° 42' 24". 

4. Given find 

a-20°16'38", ^-20° 9' 54", 

6-56° 19' 40", 5= 55° 52' 31", 

c -66° 20' 44"; C- 114° 20' 17". 



o — 


131° 


35' 4" 


6- 


108° 


30' 14" 


e — 


84° 


46' 34" 


28- 


324° 


51' 52" 


« — 


162° 


25' 56". 


« — a — 


30° 50' 52". 


«-6- 


53° 


55' 42". 


« — c — 


77° 


39' 22". 


log sin (« - 


-a) 


- 9.70991 


log sin (« - 


-6) 


- 9.90756 


log sin (« - 


-0 


- 9.98984 


log CSC 8 




- 0.52023 


log tan' r 




- 1012754 


log tan r 




^ 1006377. 


log tan \ A 


- 0.35386 


log tan \ B 


- 0.15621 


log tan } P 


- 0.07393 




i^ 


- 66° Sr'10.6". 




ii? 


- 55° 5' 20". 




i^ 


= 49°.5Vm. 



a- 20° 16' 38" 


6-56° 


19' 40" 


c- 66° 


20' 44" 


2«-142°57' 2" 


«- 71° 


28' 31". 


«-a- 51° 


11' 53". 


8-6= 15° 


8' 51". 


« - c = 5° 


7' 47". 


log sin (« — a) 


= 9.89172 


log sin (« — h) 


-9.41715 


log sin (« - c) 


- 8.95139 


log CSC « 


-0.02311 


log tan' r 


- 8.28337 


log tan r 


- 9.14168. 


log tan \ A 


= 9.24996 


log tan J J? 


= 9.72453 


log tan \ C 


- 10.19029 



J ^ = 10° 4' 56.8". 
} 5 = 2r 56' 15.5". 
}C- 57° 10' 8.6". 

il = 20° 9' 54". 

5 = 55° 52' 31". 

i7- 114° 20' 17". 



r 



/ 



TEACHERS EDITION. 



147 



Exercise XXX. Page 132. 



1. Given 

-4-130°, 
-B-110°, 
C- 80°; 



A 
B 
C 

28 
S = 

S-B^ 

log cos 8 
log sec (8~ A) 
log sec (8 -B) 
log sec (/8f- (7) 

log tan' B 
log tan B 

log tan} a 
log tan ih 
log tan }.e 

la 
ih 
ic 

ih 



find 

a=139°2K22^^ 
6-126°57'52^^ 
c« 56°51M8^^ 

130° 

110° 

80° 



320° 
160°. 

30°. 

50°. 

80°. 



.« — 



9.97299 
0.06247 
0.19193 
0.76033 

10.98772 
10.49386. 

10.43139 

10-30193 

9.73353 

69° 40^ 41^^^ 
63° 2&' m^\ 
:28° 25^ 54^^ 

139° 21^ 22f^. 

126° .57^ 52^'. 
56° mf 48^^ 



H, Given 
Jl-59°55^10'^ 
•^=*85°36''50^^ 



ifind 

.o-128°42''29^^ 

i- 64° 2^47^^ 

c»128°42'^9^^ 



A^ 59° 55^ 10'^ 
B^ 85°36^50^-' 
C=_59°^5M0^ 

2/Sf-205°27M0'' 

8^ 102° 43^ 35^^ 

8-A= 42°48''25/^ 

/8f-5= 17° 6M5^'. 

8-C^ 42°48^25^^ 



log cos 8 
log sec {8 — A) 
log sec {8 -B) 
log sec {8- C) 

log tan'i2 
log tan B 

log tan \ a 
log tan \ b 
log tan i c 

ia 

ih 

ie 

a 

b 



9.34301 
0.13451 
0.01967 
0.13451 

9.63170 
9.81585. 

9.68134 
9.79618 
9.68134 

25° 38^ 45.5'^ 
32° V23.6^^ 
25° 38^ 45.5^^ 
51°17^31^^ 
64° 2^7^^ 
51° 17' 3F'. 



3. Given find 

^ = 102°14a2'^ a=104°25' 9'^ 

B^ 54°32'24'^ 6= 53°49'25'^ 

e^ 89° 5'46'>'; c- 97°44'24'^ 



^ = 


102° 14' 12'' 


B^ 


54° 


32' 24" 


C = 


89° 


5' 46" 


2B^ 


245° 


52' 22" 


8^ 


122° 5G' 11", 
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8 - A " 20^ iV 59^r 
flf_C-33«6(y25'^ 



log cos flf 
log sec (S-A)- 
logsec(fif-5) = 
logBec(-8f-C)- 

log tan'JS 
log tan R 

log tan } a 
log tan i h 
log tan i e 

Ja. 
J5 

ic 

a 

b 
e 



9.73536 
0.02898 
0.43394 
0.08061 

0.27889 
0.13945. 

0.11047 
. 9.70551 
: 0.05885 

. 52° 12^ 34.6^^ 
. 26« 54^ 42.5''^ 
. 48*'52M2'^ 
= 104«>25^ 9'^ 
. 53°49'25^^ 
- 97^44^^^ 



4. Given find 

A= 4«»23'35'^ o- 31« 9^11''^ 

5- 8*^28^20^^ 5= 84'»18^23'^ 

C = 172®17'56''; c-115® 9^56^^ 



A^ 
JB = 
C- 

2/8f- 

log cos iSi 
log sec (8— 
log sec (5— 
log sec {8— 

log tan'i2 
log tan R 

log tan } a 
log tan i h 
log tan i c 



4«>23^ 

8*»28^ 

172° 17' 



35^'' 
20^' 
56^' 



185° 9' 
92° 34' 
88° 11' 
84° 6' 

-(79° 43' 

« 8. 

A)^ 1. 

S)« 0. 

C)- 0, 



51" 
55.5". 
20.5". 
35.5". 
0.5"). 

65368 
50029 
98876 
,74833 



= 11. 
= 10 



89106 
94553. 



= 9.44524 

' = 9.95677 

= 10.19720 

Ja= 15° 34' 3i5.5". 
J6= 42° 9' 11.5". 
}c= 5r34'58": 

o- 31° 9' if". 

5= 84°18'2SL". 

c = 115° 9' 56". 



Exercise XXXI. Page 135. 



1. Given find 

A = 84° 20' 19", E - 26159", 
B = 27° 22' 40". F'^ 0.1268^ i?. 

C = 75° 33'; 

^=il + 5+C-180°. 

il- 84° 20' 19" 
5= 27° 22' 40" 
C= 75° 33' 




log 26159 
colog 648000 
log 3.14159 

log-F 



= 4.41762 

= 4.18842-10 

= 0.49715 

= 9.10319 - 10 
27*= 0.12681 i?. 



)• 






2. Given 



find 



a= 69° 15^ 6", J5:=216°40'18'''. 
6 = 120° 42' 47". 
c= 159° 18' 33"; 






' '^V 



t % 
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a 

h 
e 

28 
8 

8 — a 

8-b 

8 — e 



is 

i(s 

i(8 

i{s 



-a) 
-b) 
-c) 



69^15^ 6^^* 

159° 18^ 33^^ 

349° 16^ 26^' 
174° 38' 13'^ 
105° 23' 7'', 

63° 55' 26". 

15° 19' 40". 

87° 19' 6.5". 
52° 41' 33.6". 
26° 57' 43". 
7° 39' 50". 



log tan } « = 11.32942 
log tan }(«-a)= 10.11804 
log tan J (8 - b) = 9.70645 
1<^ tan J(«-c) = 9.12893 

Jog i»H^ 
log tan } ^ 

}^= 54° 10' 4.6". 
J?=216°40'18". 



10.28284 

10.14142. 

64° 10' 



3. Given find 

o= 33° 1'45", ^=133° 48' 53". 
6=155° 5' 18", 
(7 = 110° 10'; 

tan m «=' t^n a cos C. (J 54) 

cos c . -= cos a sec m cos (b—m). (J 54) 

log tan a = 9.81300 

log cos c » 9.53751 

log tan m = 9.35051 

m« 167° 22'. 
ft --W =.-(12° 16' 42"). 

log cos o = 9.92345 

log sec m = 0.01064 

log cos (6 - m) = 9.98995 

log cos e = 9.92404 

c = 147° 5' 30". 



a 
b 

e > 

28 
8 

« — a 

8^b 

8 — e 

is 
i(8^a) 
i(s-b) 
i{s-e) 



33° 1' 
155° 5' 
147° 5' 



45" 
18" 
30" 



335° 12' 

167° 36' 

134° 34' 

12° 30' 

20° 30' 

83° 48' 

67° 17' 

6° 15' 

10° 15' 



33" 
16.5". 
31.5". 
58.5". 
46.5". 
8.25". 
15.75". 
29.25". 
23.25". 



log tan i 8 
log tan }(«— a) 
log tan i(8-~b)' 
log tan i{8'-c) 

log lan'i^ 
log tan J -E 

E 



0.96419 
0.37824 
9.04005 
9.25755 

9.64003 
9.82002. 
33° 27' 13i". 
133° 48' 53". 



4. Find the spherical excess of a 
triangle oil the earth's surface (re- 
garded as spherical), if each side of 
the triangle is equal to 1°. 

Given a, b, and c each =1°; then 
2« = 3°. }8 = 45'. 

8 - 1° 30'. i (s - a) = 15'. 

8-a= 30'. i(»-*) = 15'. 

«-5= 30'. }(8-c)=15'. 

a - c = 30'. 

log tan} a = 8.11696 

logtan}(«~a)= 7.63982 

log tan} (8-6)= 7.63982 

log tan i{8-c) = 7.63982 

logtanH-^ =11.03642 
log tan } i? = 5.51821. 
1^=6.814". 
.&= 27.25". 
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Exercise XXXII. Page 148. 



1. Find the dihedral angle made 
by the lateral faces of a regular ten- 
sided pyramid ; given the angle A 
— 18°, made at the vertex by two 
adjacent lateral edges. 

B 




About the vertex of the pyra- 
mid, describe a sphere. It will 
intersect the lateral surface, forming 
a regular spherical decagon, of which 
the sides » 18°, being measured by 
the plane angles at the centre. 

Pass a plane through and A 
and C, forming an isosceles spheri- 
cal triangle ABC. 

Then (by Prob. 3. Ex. XXIII.) 
given side a — 18°, n = 10, to find 
angle A of the polygon. 

. , . , . ._180° 





BlU 


J .n. ■" H 


cc n .a. vuo 

n 


log 


cos 


18° 


= 9.97821 


colog 


COB 


9° 


- 0.00538 


log 


sin 


M 


-= 9.98359 






iA 


- 74° 21^ 






A 


= 148° 42^ 



2. Through the foot of a rod 
which makes the angle A with a 
plane, a straight line is drawn in 
the plane. This line makes the 
angle B with the projection of the 



rod upon the plane. What angle 
does Uiis line make with the rod 7 




Let CO be a straight line, making 
the angle A with the plane OH; 
IF 9k straight line passing through 
the foot of CO, making the angle B 
with the projection DO of CO upon 
the plane OH. 

It is required to find the angle 

With a radius equal to unity, 
from as a centre, construct the 
spherical triangle DCI. 

Then i^A, 

c^B, 

d='COI='X 

C£:jK'-rt. angle. 

Since OE is the projection of CO 
on the plane OH; CE drawn from 
C to £, is perpendicular to OE, 

.*. CDI=Ti. triangle. 

By Formula [37], 

cos d =- cos i cos e. 

^\ cos X =« cos A cos B. 

3. Find the volume V of an ob- 
lique pa'rallelopipedon ; given the 
three unequal edges a, 5, c, and the 
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three angles Z, m, n, which the edges 
make with one another. 




Let AB he Sk parallelopipedon, 
and I, m, and n, the angles which 
the unequal edges a, b, and e make. 

We are to find V, the volume. 

Let w = the inclination of the 
edge to the plane of a and b, 

F= area base X altitude. 
Area base = bz^ when z » a sin I. 
Altitude «= x, when a; » e sin w. 
,'. V= abe sin I sin w. 

Suppose a sphere to be constructed 
having for its centre the vertex of 
the trihedral angle whose edges are 
o, 6, and c. The spherical triangle 
whose vertices are the points where 
a, b, and e meet the surface has for 
its sides I, m, n; and i(; = perpen- 
dicular arc from side I to the oppo- 
site vertex. 

Let L, M, N denote the angles of 
the triangle. 

Then by [38] and [47], 

sin t/; =: sin m sin iV 

» 2 sin m sin J JVcos J N, 

Or if «=-J(Z + m + n), 

Binti;»" 
2 



sin 2 



Vsin 8 8in(8— Q sin(8— m) 8in(8— n) 



2a5c VBin«sin{«— Z) Bin(8— m) Bin(8— n) 



4. The continent of Asia has 
nearly the shape of an equilateral 
triaDgle, the vertices being the 
East Cape, Cape Bomania, and ihe 
Promontory of Baba. Assuming 
each side of this triangle to be 4bU0 
geographical miles, and the earth s 
radius to be 3440 geographical 
miles, find the area of the triangle : 

(i.) regarded as a plane triangle ; 

(ii.) regarded as a spherical triangle. 

Area -> } (base X altitude). 
Altitude = V4800» - 2400". 
- VI 7280000. 



log V17280000= 3.61877 
log 2400 - 3.38021 

log area 



« 6.99898 
Area = 9976500. 



(ii.) F^ 



E 

180* 



i?. 



a, 6, and c = ^?5?! = 80O. 
60 



28 

i(«-a) 

log tan \ 8 
log tan \{8 — a) 
log tan i(8 — b) =■ 
log tan i{8~ c) 
logtan'i^ 

\E 
E 



2W, 

20°. 
20*^. 
20°. 

10.23856 

9.56107 
= 9.56107 

9.56107 

8.92177 
16° V %.V^. 
64° 28^ 32.5^'. 
232112.5^^ 
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log 



648000 
logi? 

log/' 



- 6.36570 

- 4.08657 

- 7. 07312 

-7.12439 
jF- 13316560. 



6. A th'p sails from a harbor in 
latitude I, and keeps on the arc of a 
great circle. Her eourte (or angle 
between the direction in which she 
sails and the meridian) at starting 
is a. Find where she will cross the 
equator, her coarse at the equator, 
and the distance she has saileid. 



.^^—m — place of crossing the 
equator. 

B » coarse at equator. 

AB s> d — distance sailed. 

By Napier's rule, 
^ Bin I = tan m cot a ; 

\whence tan m = sin I tan a. 

= cos I sin a. 
cot d ^cotl cos a. 




Let NESW be the earth, WCE 
the equator, iVand Sihe north and 
Fouth poles. Let A be the point 
from which the Fhip Btarta, AFIJ 
the parallel of latitude the ship 
Btartfl from, and AB the great circle 
of its course. 




Then 
BAE = a = course of ship. 
AE= I = latitude of its starting- 
place. 



6. Two places have the same 
latitude I, and their distance apart, 
measured on an arc of a great cir- 
cle, is d. How much greater is the 
arc of the parallel of latitude be- 
tween the places than the arc of the 
great circle? Compute the results 
forZ = 45^ rf-90^ 




In isosceles spherical triangle 
ABC 

sin i -4 = sin i (ic8c(90° -Q 

= sin i dsecL 

Let ?=-45°, c?-90°. 

log Bin id =. 9.84949 
log sec I = 0.15051 

log sin M = 10.00000 - 10 

iA =90^ 

A =180°. 

Arc a =1800. 
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Arc K — a X COB i 

-}oV2-9(y»V2. 
90«» V2 - 90° - 90°( V2 - 1). 

7. The Bhortest distance d be- 
tween two places and their latitudes 
I and V are known. Find the dif- 
ference between their longitudes. 




Let C represent the north pole, 
A the position of one city, B the 
position of the other. Then AB=d, 
and if m represent the longitude of 
one city, m' that of the other, I the 
latitude of one city, and l^ that of 
the other, angle C will be equal to 
(m- mO, and ^Cwill equal 90°- Z, 
and ^Cwill be equal to 90°-/^ 

Therefore we have an oblique 
spherical triangle with three sides 
given to find the angle C. 

Now from Formula [44], 
cos c = cos a cos b + sin a sin b cos C; 
then by substituting, 

cos d =. cos (90°- /) cos (90° - 1^ 

+ sin (90° - 1) 
X sin (90°— l^ cos (m - m^ ; 
or cos d = Binl sin V 

+ cos I cos V cos (m — m^. 
/. cos (m — m^) = (cos rf — sin Z sin l^) 

X sec Z sec l^. 



8. Given the latitudes and longi- 
tudes of three places on the earth's 
surfiBM^e, and kUo the radius of the 
earth ; show how to find the area 
of the spherical triangle formed by 
arcs of great circles passing throu^^ 
the places. 




Let A, B, and C represent the 
positions of three places on the 
earth's surface. 

i 62 shows how to find the dis- 
tance between two places when the 
latitudes and difference in longitude 
are given. 

In this case we have the latitudes 
given, and also the longitudes; so 
that we can find the difference in 
longitude. 

Let 0H= equator ; 

then, from J 54, in triangle ABC, 

tan m = cot a cos 6, 

and from J 62, 

cos BC= sin a sec m sin (6-f-m), 

and the same with the distance be- 
tween the other places. 

Therefore, we have given the 
three sides of a spherical triangle, 
to find the area. 
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By [51], 

tan'}^» tan}« tan}(<— a) 

X tan J(»-^)tan J(« -c). 

Then, since we have the radios of 
the sphere given (» E) and the 
spherical excess » E, from Formnla 
[50], 



180* 

9. The distance between Paris 
and Berlin (that is, the arc of a 
great circle between these places) is 
eqial to 472 geographical miles. 
The latitude of Paris is 48° 5(X IS^^; 
that of Berlin, 52° 30' 16'^ When 
it is noon at Paris what time is it 
at Berlin ? 




Let AO represent the latitude 
of Paris, and BK the latitude of 
Berlin. Then C represents the dif- 
ference in longitude. 

(M = 6-41° 9M7'' 
CT = a=37°29M4'' 
AB=e^ 7° 52' (472 + 60) 

2«=86°31'31'' 

8 - 43° 15' 45.5". 

«-a= 5° 46' 1.5". 

«-6« 2° 5' 58.5". 

, - c - 35° 23' 45.5". 

tan' } (7= CSC $ 

sin (a — a) sin (« — ft) esc (« — c). 



log CSC s 

log sin (« — a) 
log sin (< — b) 
log CSC (« — c) 

log tan« i C 
tan iC 



- 0.16409 
= 9.00210 

- 8.56391 

- 0.23716 



= 17.96726 
= 8.98363 
}C=5°30'2". 
a- 11° 0'4". 

= 660. 

Difference of time 

= Ty660) minutes 
= 41 min. 

Time at Berlin, 12 h. 44 min. 

10. The altitude of the pole be- 
ing 45°, 1 see a star on the horizon 
and observe its azimuth to be 45° ; 
find its polar distance. 

N 




NP 


= 45°. 


PM - 


-v- 


:,FZ 


- 45° = I. 


PZM- 


= a. 


We have given two parts 

triangle, 

a - 45°. 


of the 




(90<>-Q = 


= 45*». 






C08|) = 


= COS a COS 2 


» 




cosa = 


= ->/j. 






COS I = 


»Vi. 






.*. COS|) = 


'J- 






.-. j)- 


.60°. 
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11. Given the latitude I of the 
observer, and the declination d of 
the san ; find the local time (appar- 
ent Bolar time) of sunrise and sunset, 
and also the azimuth of the sun at 
these times (refraction being neg- 
lected). When and where does the 
sun rise on the longest day of the 
year (at which time i= + 23° 270 
in Boston (I = 42*» 210, *°^ ^^*** ^^ 
the length of the day from sunrise 
to sunset? Also, find when and 
where the sun rises in Boston on 
the shortest day of the year (when 
d«-23°270, and the length of 
this day. 

To find the hour angle t when the 
sun is on the horizon. 



N 



W 



/ 


/ 


/ 


^ ^\ 


1 


/ 


z 


k 


ly 


A 


^ 


< 


r — 


•^ 



E 



FM^:- 9(y> - d, 
ZQ = 90°. 
.•.PQ = 90°-/ + 90° 
- 180° - /. 

Then in triangle PMQ, by [39], 

cos QPif = tan FQ cot FM, 
or cos e = tan(180°-0cot(90°-cQ, 
co&t^ — tan I tan d. 



Also to find azimuth a. 

In triangle FMQ, MQ is meas- 
ured by angle QZM" 180° - a. 

Then, by [37], 

cos Pif- cos FQ cos MQ. 

cos (90° -d) 

- cos (180° "1)008 (180° - a). 

sin (^ — — cos 2 (— cos a), 

or cosa — sine? seel 



Now cos t 



tan d tan {. 



Time of sunrise =12 o'clk a.m. 

15 



Time of sunset » 



-^ o'clk P.M. 
15 



log tan i » 9.63726 
log tan i = 9.95977 

log cos t = 9.59703 

t = 66° 42^ 26'^ 

12 - A - 7 h. 33 min. 10 sec. 
15 

— » 4 h. 26 min. 50 sec. 
15 

.'. shortest day 

« 2 X 4 h. 26 min. 50 sec. 

» 8 h. 53 min. 40 sec. 

Again, 

cos a => sin c7 sec I, 

log sin d = 9.59983 
log sec i = 0.13133 

log cos a = 9.73116 

o = 57° 25' 15'^ 
.-. a'=122°34M5'^ 
Longest day » 12 hrs. 

+ [(7h. 33min. lOsec. 

- 4 h. 26 min. 50 sec.)] 
» 15 h. 6 min. 20 sec. 



156 



TBIOONOMETBT. 



12. When is the solution of the 
problem in Example 11 impossible, 
and for what places is the solution 
impossible ? 

d has for its maximum value 

Suppose I - 66^ 33'. 

Then tan (18(y» - Q - - tan Z 

— — cot rf. 

Formula cos < » — tan I tan d 

becomes cos ( — — cot (2 tan d 

--1. 

/. «-180»; 

that is, the sun just appears in the 
south on shortest day. 

For places within the Arctic cir- 
cle, I > 66® 33', and -tan I numeri- 
cally greater than — cot d. 

Hence — tan I tan (f > — 1 

(numerically), or 

cos i = dk 1+, 

which is not possible. Hence the 
sun may fail to rise during 24 hours. 

13. Given the latitude of a place 
and the sun's declination ; find his 
altitude and azimuth at 6 o'clock 
A.M. (neglecting refraction). Com- 
pute the results for the longest day 
of the year at Munich {I = 48<> 9'). 

PZM^ a. 

PM=9(P^d=p. 
ZPM= t 
ZM= 90° - ^. 

I - 48° 9'. 

Sun's declination on longest day, 
23° 27'. 




By Napier's Rules, 

sin A » sin 2 sin d. 
log sin I = 9.87209 
log sin d = 9.59983 
log sin h - 9.47192 
Altitude - ;t - 17° 14' 35". 

By Napier's Rules, 

cot a » cos 2 tan d, 
log cos I » 9.82424 
log tan d - 9.63726 
log cot a - 9.46150 
Azimuth - a - 73° 51' 34". 

14. How does the altitude of the 
sun at 6 a.m. on a given day change 
as we go from the equator to the 
pole ? At what time of the year is 
it a maximum at a given placet 
(Given sin A = sin Z sin d.) 

The farther the place from the 
equator, the greater the sun's alti- 
tude at 6 A.M. in summer. At the 
equator it is 0°. At the north pole 
it is equal to the sun's declination. 
At a given place, the sun's altitude 
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at 6 A.M. is a maximam on the 
longest day of the year, and then 
sin X = sin i sin e (where e — 23** 27^. 

15. Given the latitude of a place 
north of the equator, and the dec- 
lination of the san ; find, the time of 
day when the sun bears due east 
and due weet. Compute the results 
for the longest day at St. Peters- 
burg {I - 59*» 660. 

N 




Let NESWhQ the horizon, Z the 
zenith, NZ8 the meridian, WZE 
the prime vertical, WAE the equi- 
noctial, P the elevated pole, M the 
position of the sun when due east, 
MB its declination, and ZPM its 
hour angle. 

Then we have the right spherical 
triangle PZM, with PM and PZ 
known, to find ZPM. 

Qiven I and i, to find U 
PM-'dO^-d. 

PZ^ 90° - L 
From i 48, Case II., 
cos ^» tan a cote. 

Substitute in this equation, 
cos <- tan PZ cot PIT, 
or cos < - tan (90**- 1) cot (90*>- d), 

.*. cos <» cot 2 tan d. 



And from { 65, the times of bear- 
ing due east and west are 

12 — --A.M. and —p.m., 
15 15 

respectively. 

Since the day given is the longest 
day of the year, the declination of 
the sun - 23<> 27^ 

.*. we have given d =- 23** 27^ and 
I - 59** 56^ to find t 

Now cos < » cot Z tan (2i 



log cot I 
log tan d 

log cos t 
t 

\ 12 - :;^ = 6 hrs. 58 min. A.M., 



9.76261 
9.63726 

9.39987 
. 75*> 27' 24'^. 



15 

t 
15 



and r^ » 5 hrs. 2 min. p.m. 



16. Apply the general result in 
Example 15 (cos t = coil tan d) to 
the case when the days and nights 
are equal in length (that is, when 
d = 0°). Why can the sun in sum- 
mer never be due east before 6 A.M., 
or due west after 6 p.m.? How 
does the time of bearing due east 
and due west change with the decli- 
nation of the sun ? Apply the gen- 
eral result to the cases where 2 < <f 
and l^'d. What does it become at 
the north pole 7 

When the days and nights are 
equal, rf=-0**, co6<=0*», and ^=90**; 
that is, the sun is due east at 6 a.m. 
and due west at 6 p.m. Since I and 
d must both be less than 90**, cos t 
cannot be negative ; therefore t can- 
not be greater than 90°. As d 
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JncrcttBW, t decreaMS; that is, the 
timeB in qaeBtion both approach 
noon. 

UKd, then cos ( > 1 ; therefore 
this case is impossible. If l" d, 
then cofl(»l, and i »()**; that is, 
the times both coincide with noon. 

The explanation of this result is, 
that the sun at noon is in the 
lenith ; hence, on the prime vertical, 
at the pole, Z - 90°, cos«-0^ 
t»90°; tiierefore the snn in sum- 
mer always bears due east at 6 a.h. 
and due west at 6 p.m. 

17. Given the sun's declination 
and his altitude when he bears due 
east; find the latitude of the ob- 
server. 




Tn tlie figure let Z be the zenith 
of observer, F the elevated pole, I£ 
the ])08ition of the sun. 

Then ZM= 90° - h. 
PM^ 90° - d. 

Since the sun M bears due east, 
MZP is a right angle. 

/. by Napier's Rules, 

cos Pif= cos PZ cos MZ. 



sin 2 -^sincicscA. 

1& At a point in a horizontal 
plane MN a staff OA is fixed, so 
that its angle of inclination AOB 
with the plane is equal to the lati- 
tude of the place, 51° 30' N., and 
the direction OB is due north. 
What angle will OB make with the 
shadow of OA on the plane, at 1 

P.M. 




Given direction of OB due north, 
AOB - 51° 30^- Z, and plane MN 
horizontal ; to find BOO. 

Produce OA ; it will pass through 
the pole. The sun being on the 
equinoctial. POS - 90°, and the 
shadow 00 will lie in the plane of 
this angle. Draw OZ JL to plane 
MN; it wUl lie in the plane of OB 
and OA, 

8PZ => hour angle of sun at 1 p.m. 
-16°. 

8PZ " CAB, being vertical angles. 
.-. CAB= 15°. 

ABC== 90°, since OB is the pro- 
jection of OA on plane MN. 

Arc AB = 51° 30', being the meas- 
ure of plane angle AOB. 

Then in right spherical triangle 
ABC, by [41], 

tan BC= tan BACsm AB. 
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log tan 15° = 9.42805 
log Bin 61*> 30^ - 9.89354 

log tan BC - 9.32159 
Arc BC - 11° 50^ 35^^ 

Arc ^(7 measures plane angle BOC, 
.\ BOC^ 11° 50^ 35^^ 

19. What is the direction of a 
wall in latitude 52° 30^ N. which 
casts no shadow at 6 A.M. on the 
longest day of the year. 




The wall must lie in the line pass- 
ing through the sun, in order that it 
may cast no shadow. 

In the figure, 

PZ=90<»-?. 

Pif=90<»-d. 

ZPD « 6 X 150=. 90°. 

To find MZP^ X. 

By [41]. 

Bin (90°- = tan (90°-(f) cot MZF. 

coal "-cote^cotar. 

Or, cot a ie cos 2 tan e. 

log cos Z =9.78445 
logtane ^ 9.63726 

log cot a; » 9.42171 

X - 76° 12^ -W^^ 



20. At a certain place the sun is 
observed to rise exactly in the north- 
east point on the longest day of the 
year ; find the latitude of the place. 

When the sun rises in the north- 
east on the longest day of the year, 
a - 45°, d = 23° 27^ 

To find I. In the formula 

cos a = sin d sec I. 

log sec 2 » log cos a + log esc d. 

log cos 45° = 9.84949 
log CSC 23° 27^ - 0.40017 

log sec I » 0.24966 

I - 56° 45^ 6^^ 

21. Find the latitude of the place 
at which the sun sets at 10 o'clock 
on the longest day. 

Since the sun sets at 10 o'clock, 
the hour angle of the sun is equal 
to 16° X 10 - 160°. 

The declination of the sun is equal 
to 23° 27^ 

.'. we have in the triangle two 
parts given; viz., the angle ZFI£, 
and i/P« 90° - d 

In the formula, 

cot I — cos ^ cot d. 

t - 150°. 

d- 23° 27^. 



log cos < 
log cot d 

log cot I 
I 



9.93753 
0.36274 

0.30027 
63° 23^^ 41^^^ 




22. To what does the general 
formula for the hour angle, in { 67, 
become when (i.) A = 0°, (ii.) Z = 0° 
and(?-0°, (iii.);ord = 90°. 
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In the general formula, { 67, let 
A <- 0. Then 

sin } ^ » dk [cosi{l +|>) 

X Bin J {I -hp) Bee I cscp]^. 

Bin } < » ir-v- 



fl — cos t 



COS 



|(Uy)..JbJI±co«(^ + P). 



«iiii(l+i,)-i=-y/lH^L±£l 



8eclC8C|> 



COB 2 sinp 



Snbfltitnte these values in the first 
equation, 

1-C06< / l +C06(l + p) 

2 ^^ 2 

^^ l-C06(Z-hp) 



COB 2 sin |> 
1 — COB < » VI — cob'(Z+|)) 



COS Z 8in|> 
1 — COB < — sin (2 + 1)) 

COS 2sin|> 
» (sin 2 cosp + COB 2 sinp) 

X 1 

COS Z sin p 

— tan 2 cotp + 1. 
COS ^ » — tan I cot p. 

But p^9(P-d. 

••.cot|) = tanrf, 

and cos < » — tan I tan (2. 



(ii.) 

sin } il * Vsin(<— &)sin(<— c)csc & esc c. 

2-0. 

(2-0. 

« = }a + }6 + Jc. 
PZ=9(P-l -90^ = c. 
PJlf=90«>-(2 = 90° = 6. 
Zif=90<»-A-a. 

a-6-J(90<>-A). 
,-c-j(90«-A). 
C8C& -CSC 90^-1. 
CBCC — C8C90°— 1. 

Substitute 
flin}«-V8inJ(90*>-A)8in}(90*'-A) 

-BinJ(90^-^). 
Bin < - sin (90<> - A). 
<-90°-A 
— «. 

(iii.) 
2or(2-90°. 
PZ-90*»-2-0«-a. 
.*. no triangle will be made. 
.'. answer indeterminate. 

PJlf-90<>-c2-0*> = ft. 
.*. no triangle formed. 
.*. result indeterminate. 

23. What does the general for- 
mula for the azimuth of a celestial 
body, in { 68, become when ^ = 90° 
-6 hours? 

When <«90**, m=0, and we have 
a right spherical triangle with the 
two legs given to find the angle 
opposite one of the legs. 
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Then by substituting the values 
of the given parts in the formula, 

tan B » tan & esc a, 
we have 

tan a « tan {9QP-d) esc (90*»-Q 

or tan a » cot d sec I. 

._i L_x-J-, 

tan a cot d sec I 
and cot a » tan d cos L 

24. Show that the formulas of 
5 69, if < = 90°, lead to the equation 
sin l=BmhcBcd\ and that if d=Q^, 
they lead to the equation 

cos 2 » sin A sec t. 




I. Ifi-90^ 




From 2 69, 




sin ^ » cos n cos IfQ. 


(1) 


sin d=coBm cos 2£Q. 


(2) 


Divide (1) by (2), 




sin h cos n . 




sin d cosm 




but now n«ZP-90<»-i, 




and m =■ 0®. 




, sin h „. ;• 
. . -: — ■ — sm 6. 

sin d 




•*. sin 2 » sin h esc d 





II. Ifd=0o. 




From 2 69, 




cosZ »co8msin^cflcdL 


(3) 


tanm 


(4) 


Multiply (3) by (4), 




cos I cos t cos m sin h 




tan m cos (2 




^^ 1 «^- # sin m sin h 
cos ft cos t «- . 

cos a 




But if (i-0°. 




PJf - 90°. 




and m = 0. 




.*. cos 2 cos < » sin h. 




.'. cos Z » sin ^ sec <. 





26. Given latitude of place 52° 
30^ 16^^ declination of star 38°, its 
hour angle 28° 17^ 15^^; find ita 
altitude. 




Given PZ= 9(^-1 
Pif=90°-d 
ZPM= t ; 
required ZM == 90° - ^. 

Let PQ = m. 

By Napier's Rules, 

tan m = cot (2 cos d. 
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log cot (f - 0.10719 
log COB ( - 9.94477 

log tan m -> 10.05196 

TO - 48<» 2y 10^^ 

Bin h » Bin(Z + to) sin cf aec m. 

log Bin (Z+to)=. 9.99206 
log Bin d » 9.78934 
-0.17804 



log Bee TO 

log Bin h . 



- 9.95944 - 10 
A - 65*> 37' 20^. 



d.90«-(6r59/5''>. 

= 22* O' 6y ^ 
t - 16« 8' 12'^. 



log cot d 
log cos ( 

log tan TO 



= 10.39326 
« 9.98466 

- 10.37792 
TO = 67*^ 16' 22''. 



2a Given latitude of place 51° 
19' 20", polar distance of star 
67*» 59' 5", its hour angle 15<> 8' 
12"; find its altitude and its azi- 
muth. 




Given PJf * polar distance of star. 
ZPM^ hour angle of star. 
PZ^ co-latitude of observer. 
Find PZM= azimuth of star, 
and i>if its altitude. 
Let rf- 90** -P2f. 
Let PQ«TO. 

tan TO = cot J cost, 
sin h » sin (l-\-m) sin daecm. 
tana » sec (Z + to) tan ^ sin to. 
I « 51° 19' 20". 



log sin (i+TO) = 9.94351 
log sin d = 9.57387 
log sec TO « 0.41302 

log sin A = 9.93040 

A-58°25'15". 

log BBC (2+to) « 0.32001 
log tan ( » 9.43218 
log sin TO » 9.96490 

log tana -9.71709 
a - 152° 28'. 

27. Given the declination of a 
star r* 54', its altitude 22° 45' 12", 
its azimuth 129° 45' 37" j find its 
hour angle and the latitude of the 
observer. 

sin < » sin a eos A sec ef. 



log sin a 

log COB h 

colog COS d 
log sin i 



= 9.88577 
- 9.96482 
« 0.00414 



- 9.85473 
t - 45° 42'. 

tan TO « cot (2 cos t. 
cos n » cos TO sin A CSC d. 
Z«90°-(TO±n). 

log cot d « 10.85773 

- 9.84411 



log cos t 
log tan TO 



- 10.70184 
TO « 78° 45' 4^''. 

I . 



\ 




^ 
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- 9.28976 
.- 9.58745 

- 0.8^187 



\ 



9.73908- V 
56? W Z^', 

2o 1/ 6>^ 



m — n 
90o_(^_^) = 67*"58^54^^ ^ 
/. I - 67*» 58^ W'". J 

28. Given the longitade u of the 
Bun, and the obliquity of the eclip- 
tic t => 23^ 27' ; find the declination 
4 and the right ascension r. 



29. Given the obliquity of the 
ecliptic e - 23'' 27', the latitude of 
a^ star 5P, its longitude 315^; find 
its declination and its right ascen- 
sion. 




In the figure let P represent the 
pole of the- equinoctial A VB, S the 
position of the sun, and Q the pole 
of the ecliptic J^TZ 

Then F/8f-t«. 
Ffl-r. 

BVS^e. 

Then in the right triangle RV8, 
by [38], 

sin/SB«sinF/8fxsini2ra, 
or sin e? » sin u sin s. 

Also by [39], 

cos -Bra- tan iZFcot V8, 
or cos 6 "- tan r cot u. 

tan r » tan u cos e. 



In Fig 


. 47, given 








VT^ 


315« 


'or- 


-450. 




TM- 


510, 








RVT^ 


.23° 


27', 




to find 


VR^ 


■ r 






and 


RM^ 


'(?. 







In right triangle VTM, 

cos Tif- cos rrcos TM, 
and tanJfFr-tanJfrcscrr. 



log cos 315° 
log cos 51® 



9.84949 
9.79887 



log 


COS VM 


- 9.64836 




VM> 


- 63° 34' 36". 


log 


tan 51<» 


- 10.09163 


log 


CSC 316° 


- 0.15051 (n) 



log tan MVT 
MVT- 



- 10.24214 (n) 
- (60° 12' 14.5"). 



In right triangle R VM^ 

RVM^RVT^-TVM 

-23°27'-(60°12'14.5") 
- - (36° 45' 14.5"). 

By [38], 

sin RM^ sin Fif sin R VM. 

log sin VM « 9.95208 
log sin i2Fif - 9.77698 

log sin RM - 9.72906 

5ir»(;«32°24'12". 
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Abo. by [41], 

Bin VB '-Un EM cot BVIi. 

log Un BM - 9.80257 
\ogcot BVM - 012677 (n) 

log sin VB - 9.92934 (n) 

ViJ--(58<>ll'43"). 

/. Fi?-360*-58«>ll'43" 

- 301*» 48' 17". 

aO. Oiyen the latitude of a place 
44^ 50' 14", the asimnth of a star 
138<* 58' 43". and its hour angle 
20^; find its declination. 




Given 


c- 


.90«» 


- 44<» 50' 14" 






.45<> 


9' 46". 




il- 


.138* 


» 58' 43". 




-B- 


2XP. 






. 59® 29' 22". 

. 79«> 29' 22". 

22*» 34' 53". 


l0gC0B}(^-J?) = 

cologcosJ(J.+-B)- 
logtanfe 

log tan } (a + ft) » 


= 9.70560 

- 0.73893 
= 9.61897 

« 0.06350 

- 49*> 10' 26". 



log8in}(ii-^» 9.93528 

oolog sin I [a^B) » 0.00735 

logtanje «^ 9.61897 

log tan } (a -&)- 9.56160 

J(a-6)-20*'l'21.5". 

.-. 0-69** 11' 48". 

90° - 69*» 11' 48"= 209 48' 12". 

31. Given latitude of place 51® 
31' 48". altitude of sun west of the 
meridian 35« 14' 27". its declina- 
tion +21® 27'; find the local ap- 
parent time. 

By 8 67, 

P^=90®-^ 

Pi/--90®-(i=|>. 

required t ■- ZPM. 

p - 68® 33'. 
H^ + * +P) - 77** 39' 37.5". 
}(^-A+i>)*42®25'10.5". 

logcos}('+P + ^)- 9.32982 

log8in}(^+l>"*)=- 9.82901 

cologcosZ - 0.20614 

colog8in|> ■■ 0.03117 

2 )19.39614 
log sin } < « 9.69807 

J « - 29® 55' 55.5". 

t - 59® 51' 51". 

-^ » 3 h. 59 min. 27}sec. p.m. 
15 

32. Given latitude of place I, the 
polar distance j? of a star, and its 
altitude h ; find its azimuth a. 
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Altitude - ZM^ W- h. 

Co-latitude '^FZ -^ 90°- 1 
Polar distance » PJf 

Azimuth « FZM or a. 



cos Jil=- Vsin 8 sin («~ a) esc 5 esc c. 



Let 



Then 



A^PZMoTO, 

5 = 90O-A. 
c = 90O-Z. 



8in« 



-sin[90<»-}(Z+^~p)] 
— cos } (A + Z — j»). 
sin («-a) = sin [90°- J(A+2+i))] 

«COS}(A + i+|)). 

CSC 6 ■■ CSC (90°— A) = sec A. 
CSC <5 « CSC (90°— I) — sec Z. 
/. cos } a » 

VcosJ(jj+A+QcosJ(A+i— 2)) sec isec h 
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ExEECiSE I. Page 143. 

1. Required the area of a triangular field whose sidds are respectively 
13, 14, and 15 chains. 

Area = \/s (« — o) {s — 6) (« — c). 

« = J (13 + 14 + 15) - 21, « - ft - 21 - 14 - 7, 

» - a = 21 - 13 = 8, « - c - 21 - 15 = 6. 

Area - Vil X 8 x 7 X 6 - V3*xr^x2* - 3 X 7 X 2» 
= 84 sq. ch. = 8.4 A. - 8 a. 64 p. 

2. Beqaired the area of a triangular field whose sides are respectively 
20, 30, and 40 chains. 

Area = V45x 25x 15x 5=.^ >/3'x5*« 3 X 5« >/3x5 

- 75 Vl5 = 290.4737+. 
290.4737sq. ch. = 29.04737 a. - 29 A 7.579 p. « 29 a. 7J p., nearly. 

3. Required the area of a triangular field whose hase is 12.60 chains, 
and altitude 6.40 chains. 

Area » i hase X altitude. 

Area = J X 12.6 X 6.4 = 40.32 eq. ch. = 4.032 A. - 4 A. 5Jt p. 

4. Required the area of a triangular field which has two sides 4.50 
and 3.70 chains, respectively, and the included angle 60°. 

Area = } ftc sin ^. 

Area - i x 4.5 x 3.7 X 0.866 - 7.20945 sq. ch. = 0.7209 A. 
« 115^ p., nearly. 

5. Required the area of a field in the form of a trapezium, one of 
whose diagonals is 9 chains, and the two perpendiculars upon this diag- 
onal from the opposite vertices 4.50 and 3.25 chains. 

Area = J X 9 (4.5 + 3.25) - 34.875 sq. ch. - 3.4875 A. 
= 3 A. 78 p. 
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6. Required the area of the field ABCDEF (Fig. 19), if AE^ 9.25 
chains. f*J^- 6.40 chains, .BJ5;=. 13.75 chains, Diy= 7 chains. i)5 = 10 
chains, 00^^ 4 chains, and AA^^^ 4.75 chains. 

2areailir£: - 6.4x9.25 = 59.2 
2 area BDEA - 13.75 (4.75 + 7) = 161.5625 
2wetiBDC -10x4 - 40 

2 area ABCDEF - 260.7625 

area ABCDEF - 130.38125 

130.38125 sq. ch. - 13.038125 a. = 13 a. 6^ p. 

7. Required the area of the field ABCDEF (Fig. 20), if AF^^ 4 chains, 
FF^= 6 chains, EE^= 6.50 chains, AE^^' 9 chains, AD = 14 chains, A<y 
— 10 chains, AB^^ 6.50 chains, BB^^ 7 chains, CC« 6.75 chains. 

2 area iliTi?^ -4x6 - 24 

2area-P-E'J5;j'=5(6 + 6.5) - 62.5 

2Are&EE^D -6.5x5 - 32.5 

2&reAABB^ -6.5x7 - 45.5 

2 area BCCB^ - 3.5 (7 + 6.75) - 48.125 

2 area CZ>0' -6.75x4 - 27 

2 area ABCDEF - 239.625 

area ABCDEF - 119.8125 

119.8125 sq. ch. - 11.98125 A. - 11 A. 157 p. 

8. Required the area of the field AOBCD (Fig. 15), if the diagonal 
AC =5, BB' (the perpendicular from B to AC) = 1, DD' (the perpen- 
dicular from D to ilC)- 1.60, EE^^ 0.25, J^i?'^=0.25, (?(?^= 0.60, HH^ 
= 0.52, ^^-'=0.54, ^JE'^-0.2, E'F'^OJbO, F^G'=^0.i5, G^fi"^-0.45, 
H^K'-^- 0.60, and K'B = 0.40. 

2 area ADCB - 5 (1 + 1.6) - 13. 

2 area A^^^ =0.25x0.2 = 0.05 

2si,TeAEE^F^F =0.5(0.25 + 0.25)- 0.25 

2ATe&FF'0'0 =0.45(0.25+0.6)= 0.3825 

2 area OQ^H^H - 0.45(0.6+0.52) = 0.504 

2 area HH'K'K - 0.6 (0.52 + 0.54) = 0.636 

2 urea, KK^B =0.4x0.54 - 0.216 

2 area ADCBKHOFE = 15.0385 

&Te& ADCBKHOFE - 7.51925. 
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9. Required ihe area of the field AG BCD (Fig. 16), if AD" Z, AC 
= 5, AB^^e, angle Z)il(7=45<», angle 5^C=-30°, AE^=0.75, AF^^2.25, 
AK^ 2.53, AQ'^ 3.15, EE'^ 0.60, FF'^ 0.40, and QQ'^ 0.75. 



2 area ADCB = 3 x 5 x 0.7071 + 5 x 6 x 0.5 
2area-ff(?5 -0.75x3.47 



-26.6065 
- 2.6025 



2 area ADCBOH - 28.2090 

2 area AEFH=^ 0.75 x 0.6 + 1.5(0.6 + 0.4) + 0.4 x 0.28 - 2.062 



2z.x^ADCB0HFE 
area ADCBGHFE 



26.147 
13.0735. 



10. Determine the area of the field ABCD from two interior stations 
F and i^, if PP^= 1.50 chains, 



angle PPC - 89*35^. 
PP5 - 185<» 30^, 
PP^A - 309« 15', 
PP^D - 349*> 45^ 



angle P^PB^ 3° 35^ 
P'PA = 113<»45', 
i^PD - 165*> 40^, 
P'PC = 303*> 15^ 



Area - A PAD + APCD + AP^a+ A PAB. 



LPP^D^ 10° 15^ 
Z.PDP'^ 4<» 5^ 
ZPP'^ = 174*>30^ 



ZPPil = 50*»45'. 
Z PAP' -15<>30^ 
APBP^^ 1°55^ 



2:PP'a-89°35^ 
Z PCP' - 33*> 40'. 



PD 



PF Bin PPi) 



sin PDP^ 

log PP' - 0.17609 

log sin PP'Z)^ 9.25028 

colog sin PDP'- 1.14748 

log PD = 0.57385 



PA^ 



PP sin PFA 



sin PilP' 

log PP - 0.17609 

log sin PPil = 9.88896 

colog sin PAP'^ 057310 

log P4 - 0.63815 



PC= 



PP" sin PP'C 



sin POP' 

logPP =0.17609 

log sin PPC = 9.99999 

colog sin PCP' - 0.25621 

log PC » 0.43229 



PB 



PP" sin PPP 



sin P^P' 

log PP - 0.17609 

log sin PP^B - 8.98157 

colog sin PBF - 1.47566 

log PB =- 0.63332 



ii ilPi> - 51*> 55', Z i>Pe- 13r» 36', Z PPC- 60° 20', Z APB^ 110° 10'. 
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2 area PAD » PDxPA%in APD. 

log PD - 0.57386 

log PA » 0.63815 

log Bin APD - 9.89604 

log 2 area » 1.10804 
2 area PAD - 12.825. 

2 area Pil5 - Pil X P5 Bin ilPA 

log Pil - 0.63815 

log PB - 0.63332 

log Bin ilPi? - 9.97252 

log 2 area - 1.24399 
2areaPil5 - 17.5?8. 



2 area PCD - PD X PCsin DPC. 

log PD - 0.57385 

log PC «- 0.43229 

log Bin DPC « 9.82899 



log 2 area 


» 0.83513 


2 area PCD 


- 6.8412. 


2 area PJ?(7«= PCx PB sin PPC. 


log PC 


- 0.43229 


log Pi? 


» 0.63332 


log Bin PJ?C 


= 9.93898 


log 2 area 


= 1.00459 


2 area P5C 


- 10.106. 



2 A PilD - 12.825 
2 A PCD - 6.841 
2 A P5C =- 10.106 
2APAB -17.538 



2ABCD -47.310 
^POD - 23.655 Bq. ch. 

23.655 Bq. ch. - 2.3655 A. - 2 A. 58} p., nearly. 

11. Determine the area of the field ABCD from two exterior stations 
P and P', if PP'^ 1.50 chains. 

angle P^PB^ 41*> 10^, angle PPD- 66«> 45^, 

P'PA^ WW, PP'C^ 95*40^. 

P'PC^ 7T*20^, PP'P = 132*» 15^. 

P'PZ) - 104*> 45^. PP'il-103« O'. 

Area - (A P'CB + A P'CD) - (A P'ilP + A P^AD), 

ZP'P5 = 4l«10^, Z P'PZ) = 104° 45^ /,P^PG=1T2fy, 

ZPBP^= 6°35^ ZPDP'^ 8^30^, /,PCF ^ T 0'. 

Z P'P^^ 55° 45^ ZPAP^^ 21° 15^. 

PP' sin P'PP 



P'P 

Bin P^P'' 

log PP' - 0.17609 

log sin P'P5= 9.81839 

colog Bin PBP^ = 0.94063 

log P'P = 0.93511 



p,ry PP" Bin P'PZ) 
sin PDP' 

log PP' - 0.17609 

log sin P'PZ)^ 9.98545 

colog sin PDP' = 0.83030 

log P'D = 0.99184 
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P'C- 



PP^ sin F'PC 



sin PCF^ 

log PF* =- 0.17609 

log Bin P'P(7= 9.98930 

colog sin POP = 0.91411 

log FG , - 1.07950 



P'A 



PPf sin P^PA 



sin PilP' 
log PP^ - 0.17609 
logP'P4 -9.91729 
colog PAP' -044077 

log P^A - 0.53415 



Z-BP'C-36°35^ 
ZCPZ>-28<>55^, 



/.AP'B^^^Xf/, 
^4P'/>-36«15^ 



2 area P'Cfi - P'Cx P'^ sin ^P'C. 

log P'C = 1.07950 
log P'B - 0.93511 
log sin ^P^g- 9.77524 

log 2 area = 1.78985 
2 area P'CB = 61.639. 



2 area P'CB - P'Cx P'Dsin GP2>. 

log P'C - 1.07950 
log P'D - 0.99184 
log sin GP/>- 9.68443 

log 2 area = 1.75577 
2 area P'OD - 56.986. 



2 area P'il^ ^P'BxP'A sin ulP'^. 

logP'^ « 0.93511 
log P'-d = 0.53415 
log sin ^P'^" 9.68897 



log 2 area 
2 area P'-d^ 

2 1:^ P'CB 
2AP'CD 


= 1.15823 
= 14.396. 

= 61.639 
= 56.986 




118.625 
34.248 


2 ABCD 
ABCD 


- 84.377 
» 42.1885 



2area P'AD ^P'A x P^DbihAP^D. 

log P'A = 0.53415 
log P^D = 0.99184 
log sin ilP'i)" 9.77181 



log 2 area 
2 area P'AD 


= 1.29780 
= 19.852. 


2AP'AB 
2AP'AD 


- 14.396 
« 19.852 



34.248 

42.1886 sq. ch. = 4.21885 A. 

— 4 A. 35 p., nearly. 
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Exercise II. Page 152. 



1. 



1 

1 

3 
8 

4 
5 






N. 


S, 


B. 


FT. 


M,D, 


■ 



« 


N.A. 


8, A, 


B. 750 s. 

B. iy>B. 

B. 750 W. 
N.45»B. 

N.45PW. 


6.00 
4.00 
6.03 
5.00 
5.19 


• • • 

• • • 

• • • 

8.54 
3.67 


1.55 

8.86 

1.80 
-1-W- 

... 


5.79 

•6-ee- 

1.04 

• • • 

8.54 

• • • 


• • • 

• • • 

6.70 
"0-69* 

... 
8.67 


5.79 
6.83 
0.13 
3.67 



5.70 
12.62 
6.06 
3.80 
3.67 


13.4520 
13.4689 


8.9745 
48.7132 


21.047 aq. oh. - 2J047 A.-S ▲. 20p., newly. 


26.0200 


70.2157 
2RJ»09 






















43.2948 
21.6474 



2. 



1 

2 
3 

4 



N.460E. 
B. 750 B. 
8. 15° W. 
N.450W. 





N, 


8. 


B,' 


w. 


M.D, 


10.00 


7.07 


• • • 


7.07 


• • • 


ijyi 


11.55 


• • • 


2.09 


11.16 


• • • 


18.23 


18.21 


• • • 


17.60 


... 


4.71 


13.52 


19.11 


13.51 


... 


... 


13.52 
-i8-61- 









7.07 
25.30 
31.75 
13.52 



200.74 eq. ch. ^ 20.074 ▲. » 20 ▲. 12 P., nearly 



N,A. 



49.0840 



182.6552 



232.6401 



8. A, 



75.6470 
558.4825 



634.1295 
232.6401 

401.4804 
200.7447 
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1 

2 
3 

4 






N. 


8. 


E. 


FT. 


M,D. 


• 

• 


N.A, 


S,A. 


N.150E. 

N.750E. 

s. 150 W. 

N.75owi 


3.00 
6.00 
6.00 
5.20 


2.90 

1.55 

... 

1.86 


... 

... 
5.80 

... 


0.78 
5.79 

•«-8e- 

... 

... 


• • • 

• • • 

1.55 
5.02 


0.78 
6.57 
5.02 



0.78 

7.86 

11.59 

5.02 


2.2620 
11.3925 

6.n70 


67.2220 


9R-AQ& on. All. K SJnOft A. s= 9 A. fiA i>.^ tiAftrlv. 


20.4315 


67.2220 
20.4815 




—•'-- -7t- -— • 






• -^- - -» 












46.7905 
23.8953 



4. 









N. 


5. 


B. 


IF. 


M.D. 


• 
• 


N.A, 


8. A. 


1 

2 
3 

4 
6 
6 


N.8O045' E. 

s. 7000'w. 

S. 28° 00' E. 
S. 0045'E. 
N.84°45'W. 
N. 2030'W. 


4.94 
2.80 
1.52 
2.57 
6^1 
5.79 


0.00 

-e-02- 

... 

... 

... 

0.45 
-6-4^ 

5.76 
-6-T8- 


... 

2.29 
-2-28- 

1.34 

2.58 
-2-fi^ 

• • • 

• • • 


4.93 
-4-94- 

... 

0.71 
0.02 

... 

. • • 


... 

0.29 
-0"28- 

... 

... 

5.10 
-6-69- 

0.27 
-©-26- 


4.93 
4.64 
5.35 
5.37 
0.27 



4.93 
9.57 
9.99 
10.72 
5.64 
0.27 






2.5380 
1.6552 


21.9153 
13.3866 
27.6576 


« QIA A _ Q A. 1&1 v tiAAvlw 


4.0932 


62.9595 
4.0932 






'■■■■•?"• 


.^..^. 














58.8603 
29.4332 
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6. 







N. 


5. 


B, 


W. 


N. 61° 45' W. 


3.39 


IM 


« * . 


■ ■ • 


1.88 


8. 86° W. 


6.47 


• • • 


0.66 


« « • 


6.45 


8. 66° 10' W. 


1.62 


• • • 


0.03 


• • • 


1J» 








1.49 


• • • 


9.66 








1.48 


• tt • 


• • • 


0.01 







2 
8 

4 
5 
6 
1 






N, 


8. 


E. 


FT. 


M.D. 


• 

I? 

• 


A\A, 


8. A. 


8. W. 
N. 8°46'E. 
8. 66°45'B. 
N. 150 E. 
8. 82'^ 45' E. 
8. 2Plb'^, 


• • • 
6.80 
1.70 
4.98 
6.03 
9.68 


■ • • 

6.36 
-6-86- 

• • • 

4.80 
-4-81- 

• • « 

• • • 


0.03 

. • . 
0.67 

• ■ • 

0.77 

-6-76- 

9.69 

irOT 


• • • 

0.43 
-6^- 

1.56 
1.29 

5.98 

0.39 
-6-86- 


9.65 
■9-66- 

• • • 

• • « 

• • • 

• • • 

• * • 


9.65 
9.22 
7.63 
6.37 
0.39 



9.65 

18.87 

16.88 

14.03 

6.76 

0.39 


120.0132 
67.3440 


0.2895 

11.3096 

6.2052 
3.7791 


8.330 A. a: 8 A. 54 1>.. DAArlv. 


187.3572 
20.5834 


20.6834 








"--^ • 












166.7738 
83.3860 
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6. 







if. 


8, 


E. 


FT. 


S. 81° 20' 


W. 


4.28 


• • • 


0.65 


• • • 


4.23 


N. 760 30' 


w. 


2.67 


0.62 


• • • 


• « • 


2.60 










0.65 


• • • 


6.88 










0.62 


• • • 


• • . 


0.03 











N, 


8. 


E. 


W. 


S. 7° E. 
8. 27° E. 
8. 10= 30' E. 
N. 76° 46' W. 


1.79 
1.94 
5.86 
1.70 


• • • 

• • • 

• • • 

0.39 


1.78 
1.73 
5.26 

... 


0.22 

0.88 

0.98 

* • • 


• • • 

• • ■ 

• • • 

1.65 


- 


8.n 

0.80 


2.08 
1.65 


• • • 

• • • 








8.38 


0.43 





1 
2 
3 

4 






N, 


5. 


E, 


FT. 


M.D, 


• 
• 


N.A. 


8. A, 


8. W. 
N. 60 E. 
S. 87O30'E. 
8. E. 


• • • 
8.68 
5.54 

• • • 


• • • 
8.65 

. • • 

* • • 


0.03 

• . . 

0.24 

8.38 


. • * 
0.79 

5.55 
-6-6»- 

0.46 
■0-48- 


6.80 
-6-88- 

• . • 
. • * 

• • • 


6.80 
0.01 
0.46 



6.80 

12.81 

6.47 

0.46 


110.8065 


0.2040 

1.5528 
8.8548 


K 2R07 A. ax& A. 42 P.. tiAArlv. 


110.8065 
5.6116 


5.6116 








— ~-«r • 








- 




105.1949 
52.597 
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7. 



3 
4 
1 
2 




5.86 
4.12 
6.81 
4.06 


K, 


a. 


E. 


If. 


M.D. 




N.A, 


8, A. 


S. 5°00'B. 
N. 88'> 30' B. 
N. 6oi5*W. 
B. 81° 60* W. 


• • • 

0.12 

-6-H- 

6.28 

■6-»- 

• • . 


5.83 
6-84- 

• • • 

• • • 

0.57 
■e-68- 


0.53 
-6-tt- 

4.14 
-4-12- 

• • • 

• • • 


• • « 

• • • 

0.67 

-6.66- 

4.00 

-4^2- 


0.53 
4.67 
4.00 



0.53 
5.20 
8.67 
4.00 


0.6240 
54.4476 


8.0699 
3.2800 




55.0716 
5.3699 


50)609 


1 


L486A..3A.78 


ip., nei 


tfly. 












49.7017 
24.8508 



8. 



3 
4 
1 
2 


* 




N. 


8. 


E, 


w. 


M,D. 


• 


N.A. 


8, A. 


8. 8°00'E. 
E. 
N. 6O30'W. 
S. 82° 30* W. 


5.33 

6.72 
6.08 
6.51 


... 
0.03 

-e-ee- 

6.08 
-6-06- 

• • • 


5.20 

• • • 

• • • 

0.82 
-e-86- 


0.28 

6.73 
-6^2- 

• • • 

• • • 


• . • 

... 

6.57 

-0-66- 

6.44 

-6-46- 


0.28 
7.01 
6.44 



0.28 

7.29 

13.45 

6.44 


0.2187 
81.7760 


1.4812 

• ••»-• 

5.2808 




81.9947 
6.7620 


6.7620 


X 


L76lA.e3A.12 


2 P., IM 


sarly. 












75.2327 
37.6163 
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9. 









If, 


8. 


JB, 


W. 


M,D, 


• 


N,A, 


a. A, 


1 
















Q 






N.aoooo'E. 


4.021 


4.35 


• • • 


1.58 


... 


1.58 


1.58 


6.8730 




2 


N. 730 00* E. 


4.16i 


1.22 


• • • 


3.98 


... 


5.56 


7.14 


8.7108 




3 


S. 46° 15* E. 


6.18i 


• ■ • 


4.35 


4.30 


... 


9.95 


16.61 




67.4685 


4 


S. 38° 80' W. 


8.00 


• • • 


6.26 


• • • 


4.98 


4.97 


14.92 




03.3992 


6 


Wanting. 


... 


5.04 


• • • 


• « • 


4.97 





4.97 


25.0488 












40.6826 


160.8677 


6.012 ▲. = 6 A. 2 P., ne&rly. 






1 




40.6326 


120.2361 












60.1175 



10. 



6 
7 
8 
9 
1 
2 
3 
4 
5 



N. 32° 00' E. 
8. 750 50' E. 
S. 140 45' W. 
S. 790 15' E. 
S. SOOO'E. 
S. 86° 45' W. 
S. 370 00' W. 
N. 81° 00' W. 
N. 61° 00' W. 



8.68 
6.38 
0.98 
4.52 
4.23 
4.78 
2.00 
7.45 
2.17 



N. 



7.33 
7-86- 



1.14 
1-17- 
1.04 
1-06- 



8, 



1.58 
"1-66- 

0.95 

0.86 
-e-84- 

4.23 
•4-22- 

0.29 

-e-2^ 

1.60 



E. 



4.61 
-4-66- 

6.20 
-6-19- 



4.44 
0.22 



W. 



0.25 



4.77 

1.20 

7.36 
-^36- 

1.90 



M.D. 



4.61 

10.81 

10.56 

15.00 

15.22 

10.45 

9.25 

1.90 








4.61 
15.42 
21.37 
25.56 
30.22 
25.67 
19.70 
11.15 

1.90 



0.248 A. s 9 A. 40 P., nearly. 



N,A, 



33.7913 



.1. • ■• • 

. * . • 

. . . . 

> . . . 



12.7110 
1.9760 



48.4783 



8. A, 



24.3636 
20.3015 
21.9816 
127.8306 
7.4443 
31.5200 



233.4416 

48.4783 



184.9633 
92.48 
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ExEBCisE III. Page 163. 



1. 











jv: 


5. 


B. 


W, 


M.D. 


• 
■ 


N.A, 


8. A. 


AB 
BC 


N. 




4.000 
4.000 


4.000 

• • • 









8.464 



8.464 


• . • • 
■ • . . 


* • • • 

6.028 


2.000 


8.464 


• • • 


CD 


8. 80° B. 




0.028 


• « • 


6000 


8.464 


• • • 


6.928 


10.992 


.... 


62.352 


DA 


N.ea^w. 




8.000 


4.000 


• • • 


« • • • 


6.028 





6.928 


27.712 


. • . . 








27.712 


60^280 
27.712 


90.784 aq. eh.- 


2.0784 A. > 2 A. 12| P., netfly. 












41.568 










20.784 



2. 









N, 


5. 


E, 


W, 


M.D. 


• 
• 


N,A, 


a, A. 


AB 


N. 

K. 80° 20' B. 


70.86 
121.13 


79.860 
20.338 









119.410 



119.410 


» . • . 
2428.56 


• • • • 

• • • • 


... 


119.410 


• • • 


P9 


8. 40° 00' B. 


90.00 


... 


68.943 


57.851 


• • • 


177.261 


296.671 


• • • • 


20453.39 


pj^ 


8. ^o 52* W. 


liKl65 


... 


59.850 


• • • • 


81.280 


95.972 


273.233 


2696.33 


16216.38 


EA 


N. 73° 41' W. 


109.00 


28.905 


• • • 


• • • • 


95.972 





95.972 


. . . • 


.... 




5124.89 


36669.77 
5124.89 


15772.44 P. :== 98 A. 02 P., nearly. 








31544.88 






15772.44 



TEACHEES* EDITION. 179 



Exercise IV. Page 161. 

1. From the square ABCD^ containing 6 a. 1 s. 24 p., part off 3 A. 
by a line -EF parallel to AB, 

6 a. 1 B. 24p.»648q.ch.; V64 » 8 ch. »- jI^. 
3 a. a* 30 sq. ch. 

^^« 4^.30^3 ^5 ^j^ 
AB 8 

2. From the rectangle ABCD, containing 8 A. 1 B. 24 p., part off 2 A. 
1 B. 32 p. by a line ^i^ parallel to AD=1 ch. Then, from the remain- 
der of the rectangle part off 2 a. 3 b. 25 p. by a line QH parallel to EB. 

8 A. 1 B. 24 p. - 84 sq. ch. « ABCD. 
2 A. 1 B. 32 p. « 24.6 sq. ch. =- AEFD. 
2 A. 3 B. 25 p. = 29.0625 sq. ch. - EBHG. 

^^=i^»24^.3.5ch. 
AD 7 

^5«i^.84^j2ch. 
AD 7 

EB ^AB-AE^\2- 3.5 - 8.5 ch. 

EG , E^^m^ . 3.42 ch.. nearly. 
EB 8.5 ^ 

3. Fart off 6 a. 3 b. 12 p. from a rectangle ABCD, containing 15 A. 
by a line ^i^ parallel to AB; AD being 10 ch. 

6 A 3 B. 12 p. - 68.25 sq. ch. « ABFE, 

15 A. « 150 sq. ch. = ABCD, 

j^S^ ABCD ^150^^^^^ 
AD 10 

AE^^^^^^^^.55ch. 
AB 15 

4. From a square ABCD, whose side is 9 ch., part off a triangle 

which shall contain 2 a. 1 b. 36 p., by a line BE drawn from ^ to Uie 

side AD. 

2 A. 1 B. 36 p. = 24.75 sq. ch. 

^^,mg,2x24.75^ggQ^^^ 
AB 9 
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6. From ABCD^ representing a rectangle, whose length is 12.65 ch., 
and breadth 7.58 ch., part off a trapesoid which shall contain 7 ▲. 3 s. 
24 p., by a line BE drawn from £ to the side DC 

7 A. 3 B. 24 p. ^i 79 sq. ch. 

ABCD - 12.65 X 7.58 - 95.887 sq. ch. 

ABCE^ 95.887 - 79 - 16.887 sq. ch. 

CE - ^^^^. 2XJA887 . 4 45e ^^ ^^j^ 
£C 7.58 

e. In the triangle ABC, AB - 12 oh., AC-- 10 ch., and J?C- 8 di. ; 
part off 1 A. 2 B. 16 p., by the line DE parallel to AB, 

1 A. 2 E. 16 p. - 16 sq. ch. 

CAB - Vl5x 3x5x7- 39.6863 sq. ch. 

CDE - CAB - ABED - 39.6863 - 16 - 23.6863 sq. ch. 

CAB : CDE:: CX : CD* 

: : CS* : CE\ 

39.6863 : 23.6863 : : 10* : CS". .-. CD - 7.725 ch. 

: : 8«: CE\ .'. C£:«6.18 ch. 

AD^CA^ CD ^10- 7.725 - 2.275 ch. 

BE^CB-CE ^ 8-6.18 -1.82 ch. 

7. In the triangle ABC, AB - 26 ch., ^C- 20 ch., and BC» 16 ch. ; 
part off 6 A. 1 B. 24 p., by the line DE parallel to AB. 

6 A. 1 B. 24 p. - 64 sq. ch. 

CAB » Vai X 5 X 11 X 15 - 159.9218 sq. ch. 

CDE^ GAB - ABED - 159.9218 - 64 - 95.9218 sq. ch. 

CAB : CDE:: CA* : Cff 

::CB':CE*, 

159.9218 : 95.9218 : : 20» : CS*. .-. CD = 15.49 ch. 

; : 16« : CE\ .'. CE - 12.39 ch. 

ilD = CA - CD - 20 - 15.49 - 4.51 ch., nearly. 

BE^CB-CE^IQ- 12.39 - 3.61 ch., nearly. 

8. It is required to divide the triangnlar field ABC among three per- 
sons whose claims are as the numbers 2, 3, and 5, so that they may all 
have the use of a watering-place at C; AB — 10 ch., ilC« 6.85 ch., and 
CB - 6.10 ch. 
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Since the trangles have the same altitade, they are to each other as 
their bases. Hence it is only necessary to divide the base 10 into the 
three parts, 2 ch., 3 ch., 5 ch. 

9. Divide the five-sided field ABCHE among three persons, X, T, 
and Z, in proportion to their claims, X paying $500, Y paying $750, 
and Z paying $1000, so that each may have the nse of an interior pond, 
at P, the quality of the land being equal throughout. Qiven AB => 8.64 
ch., .5(7=8.27 ch., (75"= 8.06 ch., HE ^^.^2 ch., and -Eil-9.90 ch. 
The perpendicular PD upon -4-5 = 5.60 ch., Piy upon .5a«6.08ch., 
PD'^ upon CjB'= 4.80 ch., PD^'^ upon -ej:=5.44 ch., and PD'^'^ upon 
EA = 5.40 ch. Assume PH as the divisional fence between X's and Z's 
shares ; it is required to determine the position of the fences PM and 
PiV* between X's and Y's shares and Y's and Z's shares, respectively. 

If Pbe joined to the vertices, the field is divided into triangles, whose 
bases are the sides, and the altitudes the given perpendiculars upon the 
sides from P. 

APB - 8.64 X 2.80 - 24.1920 sq. ch. 
BPC = 8.27 X 3.04 « 25.1408 
CPH « 8.06 X 2.40 - 19.3440 
^P^ « 6.82 X 2.72 =* 18.5504 
, EPA = 9.90 X 2.70 » 26.7300 

ABCHE « 113.9572 

The whole area 113.9572 sq. ch. must be divided as the numbers 500, 
750. 1000, or as 2, 3, 4. 2 + 3 + 4-9. 

9 : 113.9572 : : 2 : 25.3238 sq, ch. « X's share. 
: : 3 : 37.9857 sq. ch. - Y's share. 
: : 4 ; 50.6476 sq. ch, » Z's share. 

PH is assumed as the line between X's and Z's shares. Since the tri- 
angle PHE is less than X's share by 26.3238 - 18.5504 = 6.7734 sq. ch., 
this difference must be taken from the triangle PEA. The area of PEM 
is then 6.7734 sq. ch., and tl^e altitude PD^^^^ = 5.40. 

^j^^2P^^ 1X67734^ 2.5087 ch. 
PD''^^ 5.40 

Pifil = P^il - PEM= 26.7300 - 6.7734 - 19.9566. sq. ch. 

Since Y's share is greater than PMA (19.9566) and less than PMA 
+ PAB (441486), the point iVis on AB. 
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Y's share diminished by FliA eqoala FAS\ that is, 

FAN^ 37.9867 - 19.9566 - 18.0291 sq. ch. 

^7^.2^.2X1^291.3 43,^ 
FD 6.60 

10. Divide the triangalar field ABC, whoee sides AB, AC, and BC 
are 16, 12, and 10 ch., respectively, into three equal parts, by fences 
EQ and />^ parallel to BC 

ABC - V18.6 X 3.6 x 6.5 x 8.6 - 69.81169 sq. ch. 
ABF - J of 69.81169 - 19.9372 sq. ch. 
AEQ - } of 6d.81169 - 39.8744 sq. ch. 
ABC : AEG I'.Iff: AE* 

XI Iff I A&. 
59.81169 : 39.8744 : : 16« : IS'. .-. AE= 12.247 ch. 

::12«:25'. .\AQ^ 9.798 ch. 
ABC'.ADF'.:Aff:Aff 

: : Aff : AF^. 
69.81169 : 19.9372 : : 15« : Iff. .'. AD « 8.659 ch. 

::12«:ZP'. .'. ili?* - 6.928 ch. 

11. Divide the triangnlar field ABC, whose sides AB, BC, and AC 
are 22, 17, and 15 ch., respectively, among three persons, A, B, and 0, 
by fences parallel to the base AB, so that A may have 3 a., B 4 A., and 
C the remainder. 



CAB « V27x6xl0xl2- 127.2792 sq. ch. 
CDG - CAB - ABGD - 127.2792 - 30 - 97.2792 sq. cL 
CEF - CAB - ABFE - 127.2792 - 70 - 67.2792 sq. ch. 
CAB : CDG ','.W:OG^ 
'.'.Cl'.Cif, 
127.2792 : 97.2792 : : 17* : OS*. .'. CG = 14.862 ch. 

::16»:GS'. .'. CD « 13.113 ch. 
CAB'. CEFi-.W: CP 
: : C? : CF. 
127.2792 : 57.2792 : : 17* : CF*. .'. CF^ 11.404 ch. 

: : 15« : C^'. .'. CE^ 10.062 ch. 



TEACHERS EDITION. 



183 



Exercise V. 

1. Find the difference of level of two places from the following field 
notee : back-sights, 5.2, 6.8, and 4.0 ; fore-sights, 8.1, 9.5, and 7.9. 

8.1 + 9.5 + 7.9 => 25.5 
5.2 -H 6.8 -H 4 -16 

9.5 

2. Write the proper numbers in the third and fifth columns of the 
following table of field notes, and make a profile of the section. 



StaHon. 


+8. 


H.L 


-5. 


H.S, 


RemarkB. 


B 


1 
2 
3 

4 
6 
« 


6.944 






20. 

19.5 

21.8 

28.0 

22.8 

21.431 

20.4 

21.8 

24.1 


Bench on post 22 
feet north of 0. 


26.944 


7.4 

5.6 

8.9 

4.6 

5.513 

4.9 

8.5 

1.2 










8.855 


25.286 








- 




3. Stake of the following notes stands at the lowest point of a pond 
to be drained into a creek ; stake 10 stands at the edge of the bank, and 
10.25 at the bottom of the creek. Make a profile, draw the grade line 
through and 10.25, and fill out the columns H.G. and C, the former to 
show the height of grade line above the datum, and the latter, the depths 
of cut at the several stakes necessary to construct the drain. 
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StaUon. 

B 




-¥S. 



6.000 



4^TS 



10 
10.25 



H.t. 



-8. 



lOJ 
6.S 

4.0 
4j0 

cs 

74)00 
8.0 
S.0 
4.0 
4.S 
4.5 
11.8 



i7.5. 



H.a. 



80.8 
80.4 
80.0 
10.6 
10.2 
I8w8 
18.4 
18.0 
17.6 
17.2 
16.8 
16.7 



C. 



5.3 
6.4 
7^ 
5i) 

fta 

6.2 

8.5 
6.0 
7.0 
7.2 
0.0 



Bencft on rock 
30 feet west of 
■Uke 1. 




ao 



Surf9G9. 



eradlent^O.4 ft. per SU. 



Datum Le¥§l. 



1 




I 9 10 10.25 



I^fAYIGATIOK 



■♦o*- 





IJ pts. R. 


ofS. 


-=14<» 


3^ 45^^ R. 


ofS. 


= 50<» 


0^ O^^L. 


ofS. 



The FoLLowruG Solutions aee by J. David Gray, A.M., Peinoipal 
GiEAED Avenue School, Teenton, N.J., and Peofessor op 
HiQHEE Mathematics in Amhebst College Summer School 
of Languages, Mass. 

Exercise I. 

1. Since the wind is E.S.E., and the compass course is S., the ship is 
on the port tack ; hence, leeway is allowed to the right. 

Compass course pts. R. of S. 

Leeway 1 J pts. R. of S. 

Compass course corrected for leeway . 

Variation and deviation (52° - 2°) W. 

35° 56^ 15^^ L. of S. 
True course, S. 35° 56^ E. 

2. Since the wind is N., and the compass course is W.N.W., the ship 
is on the starboard tack ; hence, leeway is allowed to the left. 

Compass course . ^ 6 pts. L. of N. 

Leeway 3 pts. L. of N. 

Compass course corrected for leeway . . 9 pts. L. of N. 

=. 7 pts. R. of S. 

= 78° 45^ R. of S. 
Variation and deviation (42° - 18° 30^ E. « 23° 30^ R. of S. 

102° 15^ R. of S. 
77° 45^ L. of N. 

True course, N. 77° 45'' W. 
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3. Since the wind is S.W.J 3., and the compass coarse is S.S.E.}E., the 
ship is on the starboard tack ; hence, leeway is allowed to the left. 

Compass course 2} pts. L. of S. 

Leeway 3J pts. L. of S. 

6 pta. L. of S. 
Variation and deviation (2^ — !})£. . . 1 pt. B. of S. 

5 pts. L. of S. 
- 560 15^ L. of S. 

True course^ S. 56® 15' E. or S.E. by E. 

4. True course 79** R. of S. 

Variation IP** 30^ L. 

Correct magnetic course 68° S(y B. of S. 

Leeway 8° 26' 15^' L. 

60« 3M5''R. ofS. 
Deviation 19® R. ofS. 

79® 3'45''R. ofS. 

Compass course, S. 79® 4' W. 

5. Compass coarse 7} pts. L. of N. 

Leeway (starboard tack) .... 1} pts. L. 

9 J pts. L*. of N. 
= 6 J pts. R. of S. . 

=»73® 7'30''R. of S. 
Variation and deviation .... 24® y R. 

^7® 12' 30'' R. of S. 
82® 47' L. ofN. 
True coarse, N. 82® 47' W. 

6. Compass coarse 7f pts. R. of N. 

Leeway (port tack) 2^ pts. R. 

10 pts. R. of N. 

- 6 pts. L. of S. 

- 67® 30' L. of S. 
Variation and deviation (port tack) 7® R. 

60® 30' L. of S. 
True coarse, S. 60® 30' E. 
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7. True course 85® L. of S. 

Variation 14° L. 

Correct magnetic course . . . . . 99° L. of S. 

Leeway (port tack) 5° 37'' 30^^ L. 

104° 37' 30^' L. of S. 
Deviation (port tack) . . , , . 19® L. 

123° 37' 30'' L. of S. 
- 56° 22' 30" R. of N. 

Compass course, N. 56° 22' E. 

8. Since the wind is N.N.W., and the compass course W., the ship is 
on the starboard tack ; hence, leeway is allowed to the left. 

Compass course 8 pts. L. of N. 

Leeway IJ pts. L. 

9i pts. L. of N. 
Compass course corrected for leeway . . 6f pts. R. of S. 

= 75° 56' 15" R. of S. 
Variation and deviation (21° - 18° 30') W. 2° 30' L. 

73° 26' 15" R. of S. 
True course, S. 73° 26' W. 

9. Since the wind is N.NE.JE., and the compass course is E.JS., the 
ship is on the port tack ; hence, leeway is allowed to the right. 

Compass course . 8 J pts. R. of N. 

Leeway 2} pts. R. 

11 pts. R. of N. 
= 5 pts. L. of S. 

Compass course (corrected for leeway) . . . 56° 15' L. of S. 
Variation and deviation (21° - 4°) E. ... 17° R. 

39° 15' L. of S. 
True course, S. 39° 15' E. 

10. Since the wind is N. by W., and the true course E. by S.JS., the 
ship is on the port tack ; hence, leeway is allowed to the left. 
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Tniecoar86E.b7S.iS. .... 9}ptB. B. ofN. 

Variation 2 pta. B. 

lljpta. B. ofN. 
- 4} pts. L. of S. 

Correct magnetic conree • • . . 53*^ 26^ 15^^ L. of S. 

Leeway 21 pte. L 30°56a5''L. 

^■^— — — ^»^^ ^^^^^^"^ 

84*» 22^ 3(K^ L. of S. 
Deviation 3 J pte. L »3y22^3(K^L. 

123^ 45^ (K^ L. of S. 
^bQ'^iy B. ofN. 

Compass coarse, N. 56^ 15^ E. - N.E. by K 

11. The ship is on the starboard tack. 

Trae coarse 1 pt. L. of N. 

Variation 2} pts. L. 

3} pts. L. of N. 

Correct magnetic coarse 42® 11' 15''' L. of N. 

Leeway 2} pts. B 36*>33>'46'' B. 

5<»37'3(y'L. ofN. 
Deviation 11 pts. L 16«52'30''L. 

22PZ(y 0''L.ofN. 

Compass coarse, N.N.W. 

12. The ship is on the port tack. 

Trae course 2 pts. L. of N. 

Variation 2} pts. L. 

Correct magnetic coarse 4} pts. L. of N. 

Leeway 2^ pts. L. 

7J pts. L. of N. 
Deviation f pts. L. 

8 pts. L. of N. 

Compass coarse, W. 
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13. The ship is on neither tack. 

True course 64° L. of S. 

Variation 7° R. 

Correct magnetic course 57° L. of S. 

Leeway 

57° L. of S. 
Deviation 15° R. 

42° L. of S. 
Compass course, S. 42° E. 

14. The ship is on neither tack, but right aft. 

True course 44° L. of N. 

Variation 6° L. 



Correct magnetic course 50° L. of N. 

Leeway 0*^ 



\o 



50° L. of N. 
Deviation 20° R. 

30° L. of N. 
Compass course, N. 30° W. 

15. The wind is right aft. 

Compass course 65°L. ofN. 

Leeway 0° 

Compass course corrected for leeway . . . 65° L. of N. 
Variation and deviation (10° + 3°)E. . . . 13° R. 

52° L. of N. 
True course, N. 52° W. 

16. The wind is right astern. 

Compass course 15° R. of S. 

Leeway 0° 

Compass course corrected for leeway . . . 1 5° R. of S. 
Variation and deviation (18° - 6°) E. . . . 12° R. 

27° R. of S. 
True course, S. 27° W. 
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17. The wind is right aft. 

CompaBS course 18° L. of S. 

Leeway 0" 

^— ^^^— ^— "^^« 

Compass coarse corrected for leeway . . . 18° L. of S. 
Variation and deviation 35° R. 

17° R. of S. 
True course. S. 17° W. 

18. Tom pa«»s course 30° R. ofN. 

Leeway (starboard) 14° 3^45^^ L. 



Compass course corrected .... 15° 56' 15''^ R. of N. 
Variation and deviation (12° - 10°) E. 2 R. 

17°56a5''R. ofN. 
True course, N. 17° 56' 15'' E. 

Exercise II. 
1. p^D&mC ; log/) — log D log sin C. 

2.60826 = 405.8 W. 

Ld^DcoiC', logZrd-logDlogcosC 

r 2.68842 
9.74474 



2.43316 

La = 271.1 m. 

60 )271. 1/ 49°57'N. 

4°31'S. L 4°31'S. 



Z"45°26' 



Solution II. By inspection : since the given distance exceeds the 
limits of the tables, we divide 488 by 2, and we have 244. Turning to table 
VIII., page 73 (5 pta.)S., we find in columns opposite the distance 244, 

Lat. 135.6, and p 202.9 i/ 49°57'N. 
2 2 L 4°31'S. 

X = 271.2; ;>- 405.8 . i>"45°26' 

This latitude is S ; because S.W. by W = 5 pts. R. of S. 
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2. S.E. by E. = 5 pts. L. of S. In solving by computation employ 
the same formulas as in the preceding problem. 

Solution by inspection : since the given distance exceeds the limiU of 
the tables, we divide 487.8 by 2, and we have 243.9, or 244, nearly. 
Turning to Table VIII., page 73, and finding 5 pts. at bottom of page, 
we find in columns opposite, the distance = 244. 

244 Lat. 135.6 . ;>=- 202.9 

2 2 2 



i) = 488 Z = 271.2 p = 405.8 

Ignoring the decimals, since the distance is not quite 488 m., and also 
for the reason that this small difference is not appreciable in practice 
(see section 18). 

Z = 271 = 4*^31^ 8. 
1/ =1*»45^N. 



i/' = 2°46' S. 



3. By inspection : N.E. by E.fE. = 5} pts. N. 
Ignoring the small decimal, we solve as follows : 

249 r 225. 1 f 106.5 2/ « 3<> 15^ 8. 

I) = \200 p = hsO.S Lat. = i 85.5 L =3°12^N. 

.449 1406. 1192. i/^= 3^8. 



4. By inspection : N. by E. = 1 pt. N. See table, page 65. 

i) = 267 L =4«22^N. 

p = 52.1 1/ =2*>10'S. 

L = 261.9 1/^ = 2^ 12' N. 



6. By inspection : S.S.W. = 2 pte. S. See table, page 69. 
Ignoring the decimal, and allowing some. 

D = 295 i/ = 4P 30' N. 

p = 103.1 4° 33' S. 

i = 273.m.S. 36°67'N. 

i = 4°33'S. 
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2^ 5(K » 170 m. — Z^ Now compote the angle C 

ttmC ^=11?. Iogcose=logl70colog360 

co«i.-^ 



3dO 



r 2.23045 



C= 6P49'. or 5} pta.. nearly. 

By iDspeciioD : ufe table on page 71. 



J 7.44370 
19.67415 



300 
fiO 

3(>0 



264.6 
52.9 

317.5 



X= 141.4 
28.3 



169.7 



2° 9^ 8. 
3«1KN. 




6^ 20^ = 320 m. - Z* 

cobC-^^=320 
D 354 


Now compute the angle C. 

log cos C » log 320 colog 354 

f 2.50615 
= J 7.45100 



/. C= 25° 19^ = 2J pt«. 
By infipectiuD, use table, page 70. 



D 




i> = 1 



r 128.3 
23.1 



151.4 



9.95615 

'271.2 
Z = J 48.8 

.320. 



8. S. by W. = 1 pt. S. 



0° 2(y S. 
P56'=116m.-Lat. 



Using traverse table, page 65, and looking for the nearest latitude 
to 116, we find 116.7; hence, we mast make a slight allowance. In 
colnmna opposite 116.7, we find 119 for D\ and 23.2 for p. Hence, 
making the allowance, we have 

118.3 m., and 23.1 m. W. Atib. 



teachers' edition. 193 



9. S. by W.JW. = 1 J pts. 

3r 6^N. 



3^11^ = 191 = 1,. 

Traverse table, page 67, looking at tbe nearest latitude to 191, we 
find 190.4 ; and opposite this, we Pee D = 199 and p = 57.8. Making a 
slight allowance, we have 199.6 = Z), 58 W. =p. 

10. S.W. by W. = 5 pis. R. of S. Using table, page 73, we find depart- 
ure nearest to 48.2, which is 48.2, and opposite i> = 58, and Lat. 32.2 m. S. 

60) 32.2 38<> O^N. 

0° 32^ S. 0° 32^ S. 

37°28^N. Am, 

11. S.W. by W.^W. = 5t pts. R. of S. Using table, page 70, find 
departure nearest to 65.1, which is 65.1, and opposite, we find D =■ 72, 
andZ = 30.8m. = 0°31'S. 

180 25^ N. 
3F S. 



17°64^N. Am, 

12. 54° 48' N. 

50°18'N. 

4°30' = 270m. = id. 
We will find the angle C. 

COB C= ^ = — ^°S ^^ ^^^ ^*^^ ^^^^^ ^^ 

2.43136 



J) 299 

= i 7.52433 

.-. C= 25° 27' -2} pts. 

Now using table, page 70, we find opposite i>, 299, and p, 127.8. 
Hence, make the allowance 128, or perhaps 128.5. 

13. 32° 30' N. 

19°59'N. 



12° 31' = 751 m. = Xd. 
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Now fiod the angle C. 
D 812 



log cos C» log 751 colog 812 

2.87564 
7.09044 



.-. C- 2Z*2V-^2 pte., nearly. 



9.96608 



4 ).«^12 
203 



D = 203 
4 

812 



77.2 
4 



p = 308.8. Am. 
See table, page 69. 

Being 2 pts., nearly, we make ihe allowance on 77.8, and we have 77.2. 



14. Using table, page 88 (11 degreee). 





poo 


f57.2 




[•294.5 


z>= 


200 
-500 


p - J 38.2 
195.4 


Z = - 


196.3 
.490.8 






L - 491 m. = 8« 11' N. 








1/ ^^ 8' a 







i/'-6« 3'N. 



15. Table on page 97 (20 degrees). 





r202 


r 69.1 


r 189.8 


D^< 


200 p=.. 


68.4 


L = -j 187.9 




.402 


. 137.5 


.377.7 


Z « 378 = 6« 17' N. 




Li = 20° 21' S. 
1/ = 6«18'N. 

i/'-14« 3' 


16. Table, page 81 (87 degrees). 






Z)-240 




40«25' S. 


p = 237.7 




0° 13' N. 


L = 12.6 
Lat. 13 = 0oi3'N. 


40° 12' S. 
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17. 



18. 



Ld 



20° 48° N. 
17° 13^ N. 

3° 35^ = 215 m. = La. 

289.2 log tan (7= log 289.2 colog 215 



216 



.-. (7=53°22^ nearly. 
C= S. 53° 22^ W. 

Table, page 74. 

r 245.2 
49. 



2.46120 
«J 7.66756 



10.12876 



D = -^ 



r299 
61 



289.2 



1360 



Making the allowance, we have D » 360.4. 



53° 11^ N. 
51° 45^ N. 

1° 26^ = 86 m. = U, tan (7 « -?- 

Li 

log tan C= log 128 colog 86 

= 2.10721 
8.06550 



128 
86 



10.17271 
.-. (7= 56° 6'' = 5 pts., nearly. 

Referring to the table (page 73), we look for the nearest departure to 
128, which is 128.0, and opposite, 154 =» D. Making the allowance, we 
have 154.2. Am, 



19. 



0° 20^ S. 
0° 18^ N. 

38^ = 38 m. = Xd. 



tanC=-£- 



142.7 
38 ' 



log tan C7=- log 142.7 colog 38 

= 2.15442 
8.42022 



10.57464 
/. C=N.75°5E. 



186 HAVIQATIOD. 

S. Sine* the wiod n S.W.JS., and the compus conne b S.8.E. jB. 
■bip if oa Ihe aUrbou-d t&ck ; hence, leewaj ii allowed to the left 

Compaa couiw 2) pts. L. of a 

Leeway 3} pta. L. of 8. 

6 pie. L. of 8. 

VamtioDaDddeTiatioD (2) — 1^)E. . . 1 pt. B.ofS. 

6 pts. L. of 8. 

= 56= 15' L. of 8. 

Trae conne, 3. 56° 15' E. or 8.E. by E. 

4. Troscouree 79= R. ofS. 

Variation ICPSC L. 

Comet mftgnetic conrae 68° SC R. of 3. 

Ueway 8°2yi5''L. 

60° 3'45"R. ofS. 

DeTiation ]y Q R. of & 

79° 3'45"E.ofS. 
CompMS coorae, 3. 79° V W. 

ft. CompaM conne 7] pts. L. of N. 

Leeway (starboard tack) .... IJ pto. L. 

fljpte. L*. ofN. 
= 6i pt8. R. of a . 
-73° 7'30"R. of a 
Variation and deyiation .... 24° t' R. 

ii7°12'30"B. of a 
82»47' L. ofR. 
Trnacooree, N.82°47'W. 

«. Comi** course TJpta. R. ofN. 

Lwway (port Uck) 2} pte. R. 

lOpta. R. otN. 
- 6 ptB, L, of S. 
-67°30'L.of a. 
a ifOTi tack) ~° R- 

60° 30' L. of S. 
Mtonne.aeOoSO'E. 




J 
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4. 3« 12' W. 

4° 8' E. 


logp = log A^ilog cos L 
r 2.64345 


7*» 20' - 440 m. - Ad. 


= \ 9.74756 


p = \4 COS L, 


.2.39101 




/. p «= 246.0 E. 


6. Beferring 


to table on page 20 of text-book. 


17°41'W. 


80° = 10.42 


10« O'W. 


m 


7° 41' = Li 


72.94 


p = ?idGOBL. 


7.12 




80.06 m. W. 


6. Aa=i>8ecX. 


log Ad = log^ log sec L 


20 




' 2.30963 


log cos 60°=- 9.69897 


= . 


10.30103 


Iog8ec60°- 10.30103 




. 2.61066 


160« 2'E. 


.-. Ad = 408. 


6« 48' E. 


408 m. « 6° 48' E. 


166° 50' E. 




7. A<i=^8eciy. 


log Arf = log^ log sec L 


20 




' 1.85065 


log cos 51° 28' - 9.79447 


= " 


10.20553 


log sec 51° 28' - 10.20653 


. 2.05618 


32° 7'W 


.-. Ad « 113.8. 


1° 54' W. 


1 13.8-1° 54' W. 


30° 13' W. 




8. 

20 


log Ad = 1 


og^logsec-L 
' 2.42439 


log cos 64° 16' =. 9.63767 


-«^ 


10.36233 


log sec 64° 16' - 10.36233 




. 2.76672 


170° O'W. 


.-. Ad = 612in.W.-10°12'W. 


10° 12' W. 







180° 12' W., or 179'' 48' E. 
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9. log \d = logp log sec L 

20 r 2.54654 

9.83688 =x J 10.16312 

log sec Z- 10.16312 I 2.70966 

.-. Xd = 512.5-8°33^E. 

163® 42^ E. 
8*» 33^ E. 



172« 15^ E. 



10. log Kd — logp log sec L 

20 r 2,59988 

log COB i- 9.88457 = J 10.11543 

log sec i- 10.11543 I 2.71531 

.-. Xd = 519 m. W. = 8° 39^^ W. 

4*> 8^W. 
8« 39' W. 



12? 47' W. 



11. log \4 = log|) log sec L 

20 

log cos Z« 9.92818 

log sec X - 10.07182 



1.73239 
10.07182 

1.80421 
Ad-63.7-l*»4'W. 



179M5^W. 
1° 4'W. 

180°49^W., orl79<>lVE. 



12. log Kd = logp log sec L 

2.47857 
10.08932 



20 
log cos 35*^ 30' = 9.91069 



log sec 35° 30' - 10.08931 



2.56789 



27« 28' W. .-. Ad = 369.7 

6« 10' W. - 6° lO'. 

% 

21° 18' W. 
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True course 8 pts. R. of N. 

Variation If pt«. L. 

6i pts. R. of N. 

Correct magnetic course 70° 18^ R. of N. 

Leeway, 11 pts =2°48^L. 



67° 30^ R. of N. 
8° 50^ L. 



Compass course 58° 40^ E. 



1. 







Exercise IV. 




To find Ld. 




To find i«. 


To find \d. 


I/f = 27° 28^ N. 




27°28^N. 


A/ =60° O^W. 


1/ =25°35^N. 




25° 35^ N. 


x// = 54° 55^ W. 


id = 1°53^ 




2)53° 3^ 


Xa = 5° 5^ 


= 113 miles. 




26° 32^ 
L„, = 26° 32^^ 


= 305 miles. 


To find the true 


course. 




tanr7-^''^«^ 


Lm 


> 


#«« .A « . « V • . 



jj^ ' To find the distance. 

logXrf = log 305 = 2.48430 logi^ = 2.05308 

log cos i^ = log cos 26° 32^ = 9.95167 log sec (7= 10.41716 

cologid =cologll3 = 7.94692 ^^^^ „ 2.47024 

log tan C = 10.38289 j) = 295.3. 

C= 67° 30^ = E.N.E. 

2. Z/^ = 34°10^N. 34°10^N. 29° 8^W. 

1/ = 32° 30^ N. 32° 30^ N. 25° 24^ W. 

Ld = 1°40^ 2 ) 66° 40^ 3° 44^ = \d 

= 100 miles. 33° 20^ = L„,. = 224. 

tanC^ ^^^^^-^"* log 100 =. 2.00000 

^ Ld logsec (7= 10.32673 

log 224 = 2.35025 logZ> = i:i^ 

log cos 33° 20^ = 9.92194 ^ 



cologlOO = 8.00000 

log tan C =10.27219 
.-. C=N.61°53^W. 



D = 212. 
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8. 



41** O^S. 
39*» 30' S. 



Xrf- l«30'-90m. 

. X4COB2y|» 

log 248 - 2.39445 

logco8 40*»16'- 9.88266 
colog90 - 8.04576 

log Un C - 10.32287 
.-. C7-64«34'. 

4. Z*rf = 2)cosC. 

log L4 =» log D log cos C 
- log 278 log cos C. 

log 278 - 2.44404 

log cos 53*» 26' - 9.77507 

log 2/rf=- 2.21911 

Xd = 166 m. - 2° 46'. 

2«46' 
460 24' 

X" = 49« 10' S. 

To find the middle latitude. 

46® 24' 
49® 10' 



41*» O'S. 
* 39«30'S. 

2 ) 80*> 30' 
40« 15' = 



74® 20' E, 
70® 12' E. 



2 ) 95® 34' 
47® 47' 



U. 



5. 



Ld^ I^ cos C. 

log 333 = 2.52244 

log cos 73® 7' = 9.46303 

log Ld = 1.98548 

Ld - 96.7 

IB 97, nearly. 



4® 8' = x< 
Z^. =248ni. 

C=64®34'. 
C=S.64®34'E. 

log 90 = 1.95424 
logsecC= 10.36708 

log 2) = 2.32132 
i> = 209.6 m. 

S. E.|E. = 4| pts. 
= 53® 26'. 

To find the longitude in 

A^ = i>sin CsQcLm^ 

log 278 = 2.44404 

log sin 53® 26' = 9.90480 
log sec 47® 47' « 10.17267 

log Ad = 2.52151 

Ad = 332 m. 

5® 32' 

178® 28' 



X"184® O'E., 
or 176® W. 



Ld =- 1^37' 

20® 29' N. 

L^^ = 18® 52' N. 

To find X«. 
20® 29' 
18® 52' 



2 ) 39® 21' 
19040'= Ir . 
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W. by S.iS. = 6i pts. = 73'> 7'. 

To find the longitude in 

x^ = Dsin (/sec Lm» 

log 333 = 2.52244 
log sin C = 9.98087 
log sec 2/. = 10.02610 





logKd 


= 2.52941 


e. 


La 


= 2>cosC. 


log 
log 


168 
cos 47® 


= 2.22530 
= 9.83378 




2.05908 


L^ = 


:115 m. 


= 1«55' 
56' 




69' S. 






56^ 

59' 




21 


115' 
57' = i*. 



A4 = 338 m. = 5' 38'. 

x' = 179»10'W. 
A4 =• 5®38' 



A" 
orx" 



184° 48' W.. 
175® 12' E. 



To find \". 
x.d = Dsin Csec !/«. 

l()gZ> = 2.22530 
log cos C = 9.86412 
lagsec2/»= 10.00006 

Li= 2.08948 
= 122 m. =2^2'. 

2° 2' 

29*50' 



A'' = 27®48'W. 



7. S.E. by E. = 5 pts. = 56° 15'. 

log 25 = 1.39794 

log cos 56® 15' = 9.74474 

log Ld = 1.14268 
Ld = 13.9, or 14, nearly. 
i' = 42® 25' 
Ld = 14' 

i//=42®ll'N. 

To find L^ 

42® 25' 
42® 11' 



To find X". 

A4 = 2>sin Csec Lm. 

log 25 = 1.39794 
log sin C = 9.91985 
log sec !/«= 10.13098 



logA^ 


= 1.44877 


.*. \d 


= 28, . 


A4 


= 28m. 


66® 


14' 




28' 


X" = 66® 


4G'W. 



2 ) 84® 36' 
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NAVIGATION. 



a E.JS. - 7} ptB. = 84° 22^ 

Xtf=» DcobC. 

log 126 = 2.10037 

log cos 84<>22>'» 8.99194 



logij = 
/. Z* - 12.4 - 

42*> 8^N. 
12^ 


- 1.09231 
-12^ 

42° 8^ 
41° 66^ 


41*'56'N. 


2)84° V 
42° 2^ = Z». 



a E.}8. - 7} pt8. = 84° 22'. 

Ld = DcobC. 

log 161 =2.20683 

logcoB 84° 22' =8.99194 

log Zd- 1.19877 

Z,= 15.8 = 16 m. 

41° 52' N. 
16' 



To find X". 
Xj » 2> sin Csec Zm. 

log 126 =- 2.10037 
log sin C = 9.99789 
log sec i*,- 10.12915 





Arf= 2.22742 




\,= 168«2°48', 




65° 48' 




2° 48' 


A" 


= 63° O'W. 




To find X". 


\i- 


»2)Bin CsocZm, 


log 161 


= 2.20683 


log sin 


C = 9.99789 


log sec 


X« = 10.12712 



log\i= 2.33184 

.-. Arf = 215=3°35'. 

62° 47' 
3° 35' 



i" = 41°36'N. 



A" = 59° 12' W. 



10. KbyS.-7pt8. = 78°45'. 

41°38'N. 
41° 26' N. 

12' = X<i=12m. 

41° 38' 
41° 26' 

2)83° 4' 
41°32' = Zto. 

59° 16' W. 
1°21' 



2) = 



57° 55' 



GOB O 

log 12 = 1.07918 
cologcoBC= .70976 

log i> = 1.78894 
.-. D = 61.5. 

Xd = D sin Csec Lm> 

log 61:5 = 1.78895 
log sin (7 = 9.99157 
log sec X« = 10.12577 

logA= 1.90629 
Arf = 80.59 = 81 m. = 1° 21'. 
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11. 



To find a 

cos (7=:^. 
D 



log cos C=»= log Ld + colog D. 

logs = .90309 
colog 167 = 7.77728 
log cos C =8.68037 

C= 87^ 15^ 

41° 19^ 
4P W 
2) 82° 30^ 
41° 15^ = Z«. 





41° 19^ 




41° IP 


La 


8^ = 8m. 




To find \i. 


Ad = 


» D sin Csec i«. 



logD = 2.22272 

log sin (7 = 9.99950 

log sec iw= 1012387 

logArf= 2.34609 

Xd-221.9m. = 3°42^ 



12. 46° 28>^ 

45° 17^^ 
1° 11^ - 71 =. La. 

La 



D 



cos Q 



log La = 1.85126 

colog cos (7= .26761 

2.11887 

.-. D = 131.5. 



22° 18^ 
19° 39^ 
\a= 2°39^ = 159^ 

tanC=ii^^^. 
La 

log Ad = 2.20140 

logco8Z«=: 9.84282 

colog Zd = 8.14874 

tan C= 10.19296 

(7= 57° 19^ 



13. 28° 15^ 
25° 30^ 



2°45^ = 165m. = ii. 

28° 15^ 
25° 30^ 
2 ) 53° 45^ 
26° 52^ = Ln,. 



.'. D = 



La 

cos C 



log 165 =2.21748 

colog cos a= .49067 

log i)= 2.70815 

.-. i> = 510.7. 



11° 17^ 
2° 15^ 

\a= 9° 2^ = 542^ 

tan C= ^^±S2lL!t. 
La 

log Ad = 2.73399 

logcosZ»i= 9.95039 

colog Xd = 7.78252 

tan C= 10.46690 

C=71°9^E. 



I 

i 
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MAViaATION. 



14. 33«4(K 
3(^49^ 

33«4(y 
. 30«49' 



2) 63^ 89^ 
31^44'' 



2> 



cobC 

logZtf -2.23300 
cologcos(7» .22836 

log D » 2.46136 
/. 2>- 289.3. 



17*»56^ 
13«20' 

A^= 4*>36^-276m. 
ten (7= ^^-^*. 

logA^ » 2.44090 
logco8Z»» 9.92968 
cologirf = 7.76700 

log tan (7 -10.13758 

(7=63<>46^E. 



16. 19« 30^ S. 

17^24'S. 

X<i= 2** 6'= 126 m. 

19030^ 
17*24^ 



2)36^54^ 
18° 27^ - L^ 



D 



Li 



cos G 

log Li - 2.10037 
cologcosC- .09435 

log i> = 2.19472 
D = 166.6. 



0«10^ 

A4 - 10 38^ - 98 m. 

tan(7- ^^-^'> 
Ld 

log Arf - 1.99123 
log cos Z» = 9.97708 
CologZrf =7.89963 

log tan (7=9.86794 

(7= 36° 25' W. 
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16. Ld^DcoBC. 

log 184 » 2.26482 
log COB (7= 9.96603 

log irf = 2.23085 
X<=.170m. = 2<'50^. 

2*>50>^ 
49^20^ 



2/^=52<>10^N. 

52<>10^ 
49*»20^ 



2)101<>30^ 

50«45^=-i4. 



N.N.E. = 2 pts. « 22^ SO'. 

To find the loDgitnde in 

\d = Dsm (/sec Z^ 

logD » 2.26482 
log Bin (? » 9.58284 
log sec Zte = 10.19880 





logA^ 


=- 2.04646 


Arf = 


.lllm.= 


1*'5K 
71*> 4'W. 




A^'- 


69oi3'W. 



17. ia = i)coBG 

log 240 =2.38021 
logcoBC^* 9.96603 

log Zti« 2.34624 
i<-222m.-3*>42^ 

38*>56'N. 
3«»42' 



2/' = 35«»14'N. 

35*>14' 
38«'56' 



2)74«'iy 
Zi,-3r 5^ 



S.S.E. = 2pt8. = 22<>30'. 

To find x^^''. 

A4=>i>8in CaecLm' 

logD « 2.38021 
log sin a » 9.58284 
log8ecZto = 10.09813 





logA<i=» 2.06118 


A4 


-115m. = l*'55'. 




74«»57' 




P55' 




A4-73*> 2'W. 
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NAVIQATION. 
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18. Since the wind is S.E. by S., and the compass coarse £. by N., 
the ship is on the starboard tack ; hence, leeway is allowed to the left. 

Compass coarse .... 7 pts. B. of N. 
Leeway J pt. L. 

Compass coarse corrected Gf pts. B. of N. = 75® 56^ B. of N. 

Variation and deviation 6° SCK B. 



True coarse 



82« 26^ B. of N. 



X<i = i>cosC. 

170 = 2.23045 
log cos C =9.11951 

log La - 1.34996 
i** = 22.3. 

42° 2^ 
11' 



Then a=.82« 26^ 

To find hf'. 

A4 = Dsin Csec Z^- 

log 170 = 2.23045 
log sin C = 9.99620 
loggecZ/»= 10.13041 



42*' 24^^ N. 

42*»24^ 
42« 2f 



2)84<>26^ 
42° 13^ = L^ 



l0g\f 


= 2.35706 


Ad = 227.7 m. =3° 


•48^ 


70° 


V^. 




3° 


W 




66° 


w w. = 


-A^A 



19. Compass coarse . 
Leeway . . . 



. 2 pts. L. of S. 
. . pts. 

Compass coarse ... 2 pts. L. of S. 
Variation and deviation . . 



22° 30^ 
5° 45^ 



True course 28°15^=a 



X41 = 2) cos C. 

log 140 =2.14613 
log cos C= 9.94492 

2.09105 

. 2> = 123m. = 2°3^ 



42° 2^ 
2° 3^^ 

39°59^N. = i/'. 

39° 59^ 
42° 2' 

2)82° V 
41° 0^=Xte. 



«s 


NAVIGATION. 




Xd *- Dein Csee Z^. 




A^ = 87.8 = 88 m. 


log 140 » 2.14613 




= P28^ 


logBinC » 9.67516 




w y 


log sec Zto-* 10.12222 




A/^=,68«35^W. 



logA4» 1.94351 

90. Since the wind ia W.N.W., and the compass oonrse S.W., the ship 
is on the starboard tack, and l^way is allowed to the lefl. 

Compass oonrve 4 pts. R. of S. 

Leeway 1} pts. L. 

Compass course corrected . . 2} pts. K of S. » 30° 56^ K of S. 

Variation and deviation 30^ 56^ L. 

QP O^RofS. 
Ilenoe the troe course » pts. 

\d = Dan C7sec Lm- 



log 101 » 2.00432 
log cos C» 0.00000 

logZtf » 2.00432 

Ztf=.101m.» P4r 
55° V 

53*»20^N. 

53*20' 
55<' V 

» 

2)1 08°2K 

21. Compass connte . . . 
Leeway 



log 100 » 2.00432 
logsinO » 0.00000 
logsecZte=- 10.23253 



A4=»171 



2.23685 

r25' 
P27'W. 



. . 6pts. R. ofS. 
. . pts. 

6 pts. R. of S. 
Variation and deviation . 2 pts. L. 

True course 4 pts. R. of S. => 45* 

L^^DcoaC, Zii»134m. 

log 190 « 2.27875 

log cos C= 9.84949 j// 

log Zrf » 2.12824 



= a 



^14^ 
S^^IS' 

30*4^^ 
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30O 4/ logD = 2.27875 

32^18/ log sin C = 9.84949 

7 log sec Z^« 10.06777 

^5?^^ , locArf = 2.19601 

^. ^ , A4«157m.- 2^37^ 

Atf =» Z/Bin Csec JW g^o 59/ 

67° 27^ W. 

22. Since the wind 18 S.W., and the compass coarse W.N.W., the ship 
18 on the port tack, and leeway is allowed to the right. 

Compass course 6 pts. L. of N. 

Leeway ^ P^- ^- 

Compass coume corrected . . 5 pts. L. of N. 

Variation and deviation . . 

Trneconrse 5 pts. L. of N. = Se^l^ L.of N. = C 

Ld=DcoBC. Arf = 2> sin Csec !*». 

log 90 =l.a5424 logD = 1.95424 

logco6C= 9.74474 log sin C = 9.91985 

logLj =1.698^8 log sec X>,= 10.07502 

2^ = 50= €P5(y J ;^ = 1.94911 

32*»18^ 
33^~8^N. Aj- 88.9 = 89- ^29^ 

3g>18^ 66*> 19^ W. 

2) 65** 26^ 

23. 33052/ 33052' 

3g>l8/ 32° 18^ 

1« 34' = Zrf = 94. 2)660 10' 
^^^x^cosX,, 330 5' = i» 

^ 7>_ ^ 

log790 =» 2.89763 ^ coeC 

logcoBZ^,= 9.92318 , o-qi^ 

logUnC =1084768 cologcosC= .85197 

C =81055'. logD =2.82510 

780 0^ D = 669, nearly. 

640 50^ 

13oi0' = Arf = 790m. 
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24. 



p = 480. 
Using formula [5], 



9« 22' = 562 = A4. 






480 



662 

log 480 » 2.68124 
colog562 =7.2,")026 

log cos L, = 9.93150 = 31*> 20^ 

Now we will use formula L^^i (L' + L'^ + rf. 

In this formula allow any reasonable correction indicated by d\ fay 
13'. Then 

Z^, - i(36*> 32' + U') + 13' - 18*> 16' + | Z" + 13'. 

3P20'=.18«29' + 1Z". 

I L" = 31*> 20' - 18*> 29^ = 12° 61'. 

L" =. 25° 42' N. 
Zr' =36° 32' 

U -10°50' = 650m. 

25° 42' 

36° 32' 



2 )62° 14' 
31° 7'-//. 



A4 = 9** 22' = 562. 



We will now apply formula [6] to find the course. 

tan C - ^<^Q<»^ Formula [7], 

La 
log 562 -2.74974 

log cos 31° 20' = 9.93154 
colog650 =7.18709 

log tan C - 9.86837 
.-. C- 36° 27' W. 



MJ ■ 

1 


sinCsecZa 


log 562 




= 2.74974 


colog sec 


L^ 


= 9.93253* 


colog sin 


C 


= .22613 


log/> 


= 2.90840 


• 
• 


. D 


»809 m. 



* I took the logarithm of cosine, because 



2>- 



X^icosZto 



sin Csec L^, sin C 
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EXEACISS V. 

1. log tan C= log \d + colog Mer. L^. 

Mer. parts 2596.2 



39° bV N. 
38° W N. 

Zrf- P37>' = 97m. 
tan (7= 



2471.8 



4« 18>^>^ E. 
2o 7'^E. 



Mer. Z< - 124.4 2« 11^^ = 131 m. 

To find the distance, 
2>» LdBi&cC. 



Mer. Z4 

log Ad = 2.11727 

colog Mer. Xd= 7.90618 log 97 - 1.98677 

log sec (7= 10.16205 

logZ) 



log tan (7 =.10.02245 

.-. (7=46° 34^. 
(7=N.46°29'E. 



- 2.14882 
.-. D » 140.9. 



2. 49°53'N. 
48° 28' N. 

2/rf- 1° 25' = 85 m. 
tan(7=r^ 



Mer. parts 
Mer. parts 

Mer. L4 



3446.0 
3316.4 

129.6 



6° 19^ W. 
6° 3'W. 



Mer. Ztf 

logA^ » 1.88081 

colog Mer. L4 = 7.88730 

log tan C 



= 9.76829 

(7= 30° 23' E. 
= N. 30° 23' E. 



1° 16' - 76 
Xj = 76. 

Z> » 2/4 sec (7. 

log 85 » 1.92941 
logsec (7* 10.06416 

log/) = 1.99357 

/. D = 98.57 m. 



3. 64° 30' N. 

60°40'N, 



X<- 3°50' = 230m. 
tanC=— ^ 



Mer. parts 
Mer. parts 

Mer. K4 



5087.7 
4582.2 



4°20'W. 
0°10'E. 



Mer. L4 

\0gK4 =2.43136 

colog Mer. L4 = 7.29628 

log tan (7 = 9.72764 

.-. C= 28° 24' 
- S 28° 24' E. 



605.5 Ad = 4° 30' = 270 m. 

D^ L sec (7. 

log 230 « 2.36173 
logsec (7= 10.05569 

log 2) = 2.42742 

.-. D = 261.5. 
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4. 64«54'S. 
34* 22^8. 



Xtf ».20» 32^ » 1232 m. 



Mer. puis 
Mer. puis 

Mot. Xyi- 



3038.7 
2185.1 

1753.6 



60*28^W. 
18«24^W. 



UnC^ 



A4 



Mer. Xu 

]ogA«i — 3.40209 

cologMer.Ztf^ 6.75607 

logUn C - 10.15816 

.-. C-.55»13^ 

-S65«iy W. 



6. 20»0'N. 
ir'O'N. 



Mer. parts - 1217.3 
Mer. parts - 1028.6 



5 


42<» 4^ = 2524m 
A4»2524. 


D- 


Ztfsec^. 


log sec 


- 3.09061 
C=-10jai376 


logD 


=. 3.33437 


.-. 2>- 


^2160. 




ISO^O^E. 
17700/ E. 



3<>0'-180m. Mer. Ir« - 188.7 
tana- *' 



Mer. Atf 

D-Irtfseca 

log 180 » 2.25527 
log see C- 1014052 

logD - 2.39579 



X4^ 30*»0'-180iiL 

log 180 » 2.25527 

colog Mer. Zn » 7.72423 

logtanC » 9.97950 

C-43*>39' 
-.N.43*»39'E. 

.-. 2> - 248.8. 



6b We employ middle latitode sailing, because the conrse exceeds 45®. 
This is performed like the 5th and 6th problems of Exercise IV. 



Ztf-DcoeC. 

log 175 » 2.24301 
log cos C" 9.81694 

logZtf -2.05995 

L4 - 114.8 » 115. 

U - 1*55' 
1/ -45«15^ 

V -45<>15^ 



A4 » Dsin Csec Zm* 

log 175 ». 2.24301 
log sin a =. 9.87778 
log sec Xte^ 10.15980 

logA4 - 2L27959 

.-. A4 - 190 m. - 3« 11^ 

hf -35«26' 
3*>ir 



2)9g>26^ 
46*»12^ 



A^^-32«>15' 
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7. We employ Mercator's sailing, because Cis less than 45^. 



To find the latitude in 

Li = Dco&C. 

log D - 2.39094 
log cos (7=9.99313 

logD » 2.38407 
i> = 242m. 

- 4«2^ 

65«1'N. 

59«3'N. 
5501^ 



2)114^ 
67° 2f = X4. 



To find longitude in 

1/ =55»1^ Mer. parts = 3950.9 
I/^ = 59° 3'. Mer. parts = 4395.3 

Mer. X«i » 444.4 

X4 = Mer. X^i X tan C, 

log Mer. Zrf - 2.64777 
log tan (7 » 9.24632 

log Ad =1.89409 

/. A4 = 78.3. 

1° 25' E. 



x>^>^ = 2° 43^^ E. 



8. X^^DcosCZ 

log D - 2.43993 
log cos (7= 9.87778 

log Li - 2.31771 

.-. Zrf = 208 = 3«28^ 

i' = 50° 48' 
id=. 3° 28' 

i/' = 47° 20' 
50° 48' 



2 )98° 8' 



Z' «50°48'. Mer. parts « 3632.0 
i" = 47° 20'. Mer. parts = 3215.2 

Mer. Xj = 316.8 

X4 = Mer. Ld tan (7. 

log Mer. La = 2.50079 
log tan (7 =9.93916 



log 


A<i 

»275 


m. 


= 2.43995 

- 4° 35' 

9° 10' 



49° 4' = Z/, 



X" = 13° 45' W. 



9. 



cos (7= 



D 



log 858 = 2.93349 
colog 1027 = 6.98843 

log cos C =9.92192 

.-. (7= 33° 20' 

= N. 33° 20' W. 



61° 18' 
37° 0' 

Li = 14° 18' = 858 miles. 

X' = 51° 18', Mer. parts = 3579.6 
X" = 37° 0', Mer. parts = 2378.8 

Mer. Li = 1200.8 
\i = Mer. Li tan C. 
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log Mer. L^ 
log tan C 

logXrf 

10. S.W. by S. 

D 

log 850 
log sec C 

logi) 

D 



- 3.07947 

- 9.81804 

- 2.89751 

- 33^45^ -C. 
» Zfrf sec (Z 

- 2.92942 
- 10.08015 



A< =- 790 m. - W 10^ 
480 20^ 



3.00957 
1022 m. 



14« 10^ - X< - 850 m. 



V' «. 6P 30^ 

U - 61« 15^ Mer. parts =- 3574.8 
U' - 37*» 5^ Mer. parts = 2385.1 

Mer. L^ = 1189.7 

X«i » Mer. L4, X tan C, 

log Mer. L4 - 3.07542 
log tan - 9.82489 

logX«i -2.90031 

Kd » 795 m. 

- 130 15^ 
9<»50^ 



11. 



43« 8^ Mer. parts - 2858.3 

39«> 27^ Mer. parts - 2566.2 

X<- 3*>4F-221m. Mer. X< - 293.1 



X^^-23« 5^W. 

5«> 56^ E. 
O*' 19^ W. 



6oi5^-\i = 375m. 



tanC' 



A4 



Mer. Ld 



log 375 - 2.57403 

colog Mer. L4 - 7.53298 

log tan C -10.10701 
C- 51« 59^ 



12. 1/ 



-S. 51^59^ W. 

37* 48^ N. 
37* 40^ S. 



D = Ldsec C. 

log 221 - 2.34439 
logsecC- 10.21050 

logi) - 2.55489 
D = 358.8 m. ' 

Mer. parts - 2439.0 178* 36^ E. 
Mer. parts =- 2428.9 122* 24^ W. 



Ld =- 75* 28^ - 4528 m. Mer. Ld - 4867.9 301* O' = 59* = x^. 



tan (7' 



Ad 



Mer. Ld 
log 3540 - 3.54900 

colog Mer. Zrf = 6.31177 

log tan C 



- 9.86077 = 36* 2^ 
C=N. 36°2^E. 
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True course 36<» 2^R. ofN. 

Variation W2(yL. 

Correct magnetic course 21® 42^ R. of N. 

Deviation 5«>4(KL. 

Compass course N. 16° 2^ E. 

D = Ldsec C. 

logXrf - 3.65591 
log sec (7» 10.09222 

logD « 3.74813 
D - 6599. 

13. 51o2^N. Mer. parts - 3554.1 156<>50'E. 
12<>4^S.' Mer. parts =- 724.6 77°14>'W. 

630 6^ S. = 3786 « i<. Mer. La - 4278.7 234«> 4^ 

m^ - 324«> 4^ = 125*> 56^ = 7556 m. - A^. 

tan C= --^. 
Mer. La 

logXd = 3.87829 D = Lasted 

colog Mer. Xj =. 6.37585 log 3786 « 3.57818 

log tan C -10.25414 log sec C = 1030744 

C=60o53^ logi) « 3.88562 

D = 7685 miles. 

14. N.E. by N. - 33«> 45^ = C. 

.tanC ^^. 270 16/ N. 

Mer. La 20<> 40^ N. 

Ad =» Mer. Zd tan V, 6° 36' = 396 - La. 

2T 16^ N., Mer. parts = 1691 .0 log 431.3 - 2.63478 

20° 40^ N.. Mer. parts = 1259.7 log tan (7= 9.82489 

Mer. id = 431.3 log Ad =2.45967 ' 

D-^La sec C. Ad = 288 = 4° 48^ 

log 396 =- 2.59770 
logsec (7=10.08015 

logD 1= 2.67785 
D = 476.3. 
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15. 8. W. by a - 33^ 45^ Tbii is perfonned like the sixth problem. 



A^ » Dwa Csec L^^. 
log 1022 » 3.00945 



logein 


C 


- 9.74474 


log sec 


L» 


- 10.14564 


logXrf 




= 2.89983 




^ 


= 794m. 




13« 


14' 




9« 


29' 




22» 43' W. 



log 1022 - 3.00945 
log coe 0^ 9.91985 
log L4 - 2.92930 

Ld - B49.7 m. 
- 14<^ lO'. 

61*^26' 
14^ ly 
3r» 16' //' 
61^26^// 
2 )88^42' 
44*»2l'-Z^i^ 

These results are obtained by middle latttode sailing. 

Now we will perform by Mercator's sailing ; bat Mercator^s is prefera- 
ble, for the coarse is less than 45®. The latitude in is fonad as above ; 
the loDgitade in is found as follows : 

Kd « Mer. Ld tan C. 
U - 51* 26' = 3592.4 log 1193.6 = 3.07686 

L" ^ 37® 16' =■ 2398.8 logtanC =» 9.82489 

Mer. X«i » 1193.6 logX^i 

13* 18' 
9*»29' 



1193.6 

Atf » 798 m. 



2.90175 



Mercator's x" - 22® 47' W. 

Exercise VI. 
1. 



a 


Z>. 


^• 


S. 


E 


W. 


S.S.W. 
S.W. by S. 

N.E. 


2 pts. 

3 pts. 

4 pts. 


48 
36 
24 


17 


44.3 
29.9 


17 


18.4 

20. 


Hence, L^ = 57.2 S. 
«57'. 


« 


74.2 
17. 


17 


38.4 
17. 


/> 


i«21.4)» 


r 

■ 


57.2 


21.4 



'% 
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2. 



a 


D. 


N, 


s. 


E. 


W. 


S.iE. 
S.W. i s. 
S.S. W. } w. 


Jpt. 
3}pt8. 
2ipte. 


18 
37 
56 




17.9 
28.6 
50.6 


1.8 


23.5 
23.9 


Hence, L4 = 97.1 

-r37'S. 





97.1 
0. 


1.8 


47.4 
1.8 


P 


-46«>6' 


W. 


97.1 


45.6 



3. 



a 


i>. 


JV. 


& 


R 


W, 


S.S.W.iW. 
S.S.W. i w. 
8.byW.JW. 


2Jpte. 

2}ptB. 

lipte. 


43 
39 
27 


• 


38.9 
34.4 
25.8 




18.4 

18.4 

7.8 


Hence, L4 — 99.1 

- 1« 39^ S. 







99.1 
0. 





44.6 
0. 


P- 


: 44.6 W. 


99.1 


44.6 



4. 



a 


D, 


N. 


S, 




W, 


N. 250 w. 

N. 8*E. 
N. 19* E. 
N. 76* E. 


16.4 

7.8 

13.7 

39.6 


15.0 
7.7 

12.9 
9.5 




1.0 

4.6 

38.5 


7.0 


Hence, Ld >- 45.1 

-0*>45^N. 

p - 37.1 E. 




45.1 
0. 





44.1 
7. 


7.0 


45,1 


37.1 
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5. 



a 


D, 


N. 


8. 


E. 


W. 


W.N.W. \ W. 
N.N.E. f E. 
N. by E. f B. 
S.S.W. i W. 


6^pt8. 
2}ptB. 
Ifpto. 
2lpte. 


21 
9 
9 

30 


7.1 

7.7 
8.6 


27.1 


4.6 
3.0 


19.8 
12.8 


Hence, 2^4-3.8 

-0*4^ S. 




233 


27.1 
23.3 


7.6 


32.6 
7.6 


P" 


25 W. 


3.8 


25.0 



6. 



a 


D. 


N, 


8. 


E, 


W. 


S. 83«W. 
S. 480E. 
N. 48« W. 
N. 36* W. 


23 
25.2 
27.1 
2.1 


18.1 
17. 


2.8 
16.8 


18.7 


22.8 

20.1 
12.3 


Hence, L4 - 15.5 

- 0« 15^ N, 

p - 36.5 W. 




35.1 
19.6 


19.6 


18.7 


55.2 

18.7 


15.5 


36.5 



7. 



a* 


i). 


N. 


8 


E, 


W, 


S. 17*> E. 




48 




45.9 


14.0 




s. 450 W. 




19 




13.4 




13.4 


N. 36*> W. 




18 


14.6 






10.6 


N. 4r W. 




50 


37.7 






32.8 


E. (90«). 




36 


.0 


.0 


36.0 


■ 


Hence, jDj 


- V S. 


1 


52.3 


59.3 
52.3 


50.0 


56.8 
50. 


i> 


-6.8W. 








' 




7. 


6.8 
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8. 



^. 


D. 


JV. 


S. 


E. 


W. 


N.N.E. 


2pt8. 


31 


28.6 




11.9 




E.N.E. 


6pt8. 


35 


13.4 




32.3 




E. by S. 


7pto. 


36 




7 


35.3 




S.S.E. 


2ptB. 


51 




47.1 


19.5 




S. by E. 


Ipt. 


60 




58.8 


11.7 




Hence, X4 =- 70.9 




42.0 


112.9 


110.7 




- 1*> IV 


S. 
E. 




42.0 






T 


> - 110.7 


70.9 



9. 



a 

1 * 


D. 


N. 


8, 


.^. 


W. 


S. 44*> E. 


69 




49.6 


47.9 




S. 85*> E. 


68 




5.9 


67.7 




S. 2r E. 


25 




22.3 


11.3 




N. 37*> W. 


5 


4.0 






3.0 


N. 20«W. 


13 


12.2 






4.4 


Hence, L4 =- 61.6 




16.2 


77.8 


126.9 


7.4 


-P2'S 
p - 119.5 : 






16.2 


7.4 




61.6 


119.5 



EXEROISE VII. 



1. The Day's Woek. 

First course : N.N.E. — 2 points R. of N. 

Second couree: ^.N.E. *» 6 points R of N. 

Third course : E. by S. = 7 points L. of S. 

Fourth course : S.S.E. « 2 points L. of S. 
Tide course : — 1 point L. of S. 



N. 22^30^ E., 31.4 m. 
N. 67** 30^ E.. 35 m. 
S. 78« 45^ E., 36.1 m. 
S. 22° 30' E., 50.9 m. 
S. IP 15' E., 60 m. 
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Th£ Tkayxbse. 



a 


D. 


JV. 


a. 


E, 


W. 


N.N.E. 


2pt8. 


31.4 


29. 




12. 




E.N.E. 


6pts. 


35. 


13.4 




32.3 




E. by S. 


7pti. 


36.1 




7.1 


35.4 




S.S.E. 


2pt8. 


60.9 




47. 


19.4 




abyE. 


Ipt 


60.9 




68.8 


11.7 








42.4 


112.9 


110.8 




L4^ 70.6 
p - 110.8 


-l^ll^S. 
-1«61^E. 




42.4 




















70.5 







1/ -46«»28^N. 
Li » 1^11^8. 

I/^-45»17^N. 



\^ -22*>18^W. 
\4 - 1^5FE. 

\f^ - 20* 27' W. 



2. i^rf( eour«e (starboard tack) : 

8. by W. - 1 pt R. of 8. - ll^l^ R. of 8. 
Variation lg>20'L.of8. 

Tmecoarae 1® 5'L. of8. 

Hence, coone and distance 8. 1® 5^ E., 41 m. 

Second eowne (starboard tack) : 

S.W. by 8. - 3 pts. R. of 8. 
Leeway — 1 pt. L. 

2 ptn. R. of 8. - 22<>30'R. of 8. 
Variation 12° 2fy L. 

True course 10*» lO' R. of 8. 

Hence, course and distance 8. 10° lO' W., 69.6 m. 

Third couru .* 

S. W. by W. • 5 pts. R. of 8. - 56° 15' R. of S. 
Variation 12° 20' L. 

True course 43°56'R.ofa 

Hence, course and distance 8. 43° 55^ W., 58.5 m. 
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Current course : 

W.S. W. - 6 pt8. R. of 8. - er 30^ R. of S. 
Variation 12°20'L. 



True course 65*» 10^ R. of S. 

Hence, course and distance S. 55^ 10^ W., 36 m. 

The Tbayebse. 



a 


D. 


N. 


8, 


E. 


W. 


S. 1*»E. 
S. 10° W. 
S. 44° W. 
S. 55° W. 


41. 
69.6 
58.5 
36. 




41.0 
68.5 
42. 
20.6 


.7 


12. 

40.6 

29.5 


X<=.172-2°52^S. 




172.1 


.7 


82.1 

.7 


p= 81 = 1° 21^ V^ 


V. 


81.4 



1/ =33°40>' 
L4 ^ 2° 52^ 

I/^ - 30° 48' 



X' -16°20'W. 
X4 ° 1°2FW. 

A'' -17° 41' W. 



3. First course (starboard tack): 

N.byE. = lpt. R.ofN. 
Leeway = 1 pt. L. 

« due north =- (P 
Variation W. 13°30'L. 



13° 30' L. of N. 
Hence, course and distance N. 13° 30^ W., 37.7 m. 
Second course (starboard tack) : 

N. = 0° pt. 
Leeway =» 1 pt. L. 

1 pt. L. - 11° 15' L. of N. 
Variation W. 13° 30' L. 

24°45'L. ofN. 
Hence, opnne and distance N. 24° 45' W., 38.7 nu 
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Third eourte (starboard tack) : 

N.N. W. - 2 pte. L. of N. 
Leeway ^^ 1 pt. L. 

3 pts. L. of N. - 33«> 46' L. of N. 
Variation W. W S(y L. 

47*» 15^ L. of N. 

Hence, conrse and distance N. 47^ 15' W., 76.5 m. 

Current couru : 

W.N.W. - 6 pte. L. of N. - GT" 3(K L. of N. 
Variation 13^3(yL. 

8P (XKofN. 
Hence, conrse and distance N. 81® W., 12 m. 

The Tkavebse. 



1/ -19<>30'S. 
L4 - 2® 6'N . 

I// - 170 24' S. 



X' -0«>10'E. 
K4 » i°33>W. 

X/' - 10 43' W. 



a 


D. 


N. 


S. 


E. 


W. 


N. 13® W. 
N. 26« W. 

N. 4r w. 

N. 81® W. 


37.7 
38.7 
76.6 
12. 


36.5 
36. 
52.3 
1.9 






8.4 
16.4 
66. 
11.9 


X4-125.7-126-2<»6'N.. 
p^ 92.7 -P 33' W. 


126.7 






92.7 



4. Departure course (the opposite of W.S.W) : 

E.N.E. The ship's head S.E. by E. ; the deviation is the same as for 
the first conrse. 

E.N.E. - 6 pta. R. of N. « 67*^ 30' E. of N. 
Deviation 11«> R. 

78° 30' R. of N. 
Hence, the conrse and distance N. 78® 30' E., 18 m. 
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Mrst course: 

S.E. by E. - 5 pts. L. of 8. - 66* 15^ L. of 8. 
Variation and deviation . . E. 17® L. 

Truecouwe 73«^ 15' L. of 8. 

Hence, coarse and distance 8. 73® 15' E., 52 m. 

Second course (port tack) : 

8.E.-4 ptB. L. ofS. 
Leeway — } pt. B. 

3 J pts. L. of 8. « 39® 22' L. of 8. 
Variation and deviation . . • 19® L. 

True course 68®22'L. ofS. 

Hence, course and distance 8. 58® 22^ E., 43 m. 

Third course (starboard tack) : 

E. by N. - 7 pts. R. of N. 
Leeway — 1 pt. L. 

6 pts. R. of N.-67®3(K R. of N. 
Variation and deviation ... 11® L. 

True course 56®3(KR. ofN. 

Hence, course and distance N. 56® 3(K E., 36 m. 

Fourth course (starboard tack) : 

E.N.E. - 6 pts. R. of N. 
Leeway =^1^ pts. L. 

4J pts. R. of N. - 50® 37' R- of N. 
Variation and deviation . • • 13® L. 

True course 37®37'R. ofN. 

Hence, course and distance N. 37® 37' £., 27 m. 

Fyth course (port tack) : 

S.S.E.=-2pts. L. of8. 
Leeway « 2 pts. R. 

pts. « due south = 0® 
Deviation and variation .... 21® L. 



True course 21® L. of 8, 

Hence, course and distance 8. 21® E., 24 m. 
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8iaik eomrm (port teck) : 

aE.b3r8.-S ptB. L.ofS. 
Leeway «> 1} pts. R. 

If ptB. L. of S. - 19° 41^ L. of S. 
VarittioQ and dayiation ... 20° L. 

Trnocourw 39°4FL.ofa. 

Qence, conise and diBtanc* S. 39° 41^ E., 29 m. 

(hurrmt courte : 

a by E. - 1 pt - li. of a -11° 15' L. of S. 
Variation 28° L. 

39° 15' L. of S. 

Hence, conne and distance S. 39° 15' £., 12 m. 



Thk Tkavxbse. 



a 


D. 


N. 


8. 


E 


W. 


N.79°E. 


18 


3.4 




17.7 




a 73° E. 


52 




15.2 


49.7 




a 58° E. 


. 43 




22.8 


36.6 




N.srE. 


36 


19.6 




30.2 




N. 38° E. 


27 


21.3 




16.6 




8. 21° E. 


24 




22.4 


8.6 




a40*»E. 


29 




22.2 


18.6 




a39°£. 


12 




9.3 


7.6 








44.3 


91.9 


185.5 




2^.. 47.6-48 m.-0° 


49'a 




44.3 


0. 




j» - 185.6 - 186 m. » 3 


°6'E. 








• 












47.6 


185.5 





1/ -47°31'N. 
0°48'a 



X'^-46°43'N. 



A' -r52°33'W. 
3° 6'E. 

A'^-49°27'W. 



T£ACH£BS' EDITION. 225 



5. Dq>arture ecur$e (the opposite of W. by S. ) S.) : 

E. by N. I N. « 6} ptB. R. of N. 

= 75«>56^R. ofN. 
3<> R. 



780 56^ R. of N, 
Hence, coarse and distance N. 79^ E., 17 m. 

JFlrd eoune (port tack) : 

S.S.E.-2 pts.L. ofS. 
Leeway — 21 pts. R. 

tpt. R. ofS.=. 2*>48^R. ofS. 
Deviation and variation , , . ^V* R. 

36« 48^ R. of S. 
Hence, coarse and distance S. 37^ £., 21 m. 

Second course (starboard tack) : 

S.S.W. } W. - 2} pte. R. of S. 
Leeway » 2} pts. L. 

Jpt. L.ofS.- 2<>48'L. ofS. 
Deviation and variation . . . 27^ R. 

24«> 12^ R. of S. 
Hence, coarse and dfstance S. 24® E., 20 m. 

Third course (port tack) : 

W.S.W.«6 pt8.R. ofS. 
Leeway » 2} pts. R. 

8} pts. R. of S. = 7} pts. L. of N. 

-84«22^L.ofN. 
Deviation and variation . . » 22^ R. 

True course 62° 22^ L. of N. 

Hence, coarse and distance N. 62^ W., 24 m. 

Fourth course (starboard tack) : 

W. J N. =- 7} pts. L. of N. =- 84<> 22' L. of N. 
Deviation and variation . . . 20° 

True coarse 64° 22' L. of N. 

Hence, coarse and distance N. 64° W., 26 m. 
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jytA course (port tack) : 

East - 8 pt0. R. of N. 
Leeway "- 2} pts. B. 

lOJ pts. R. of N. - 5} L. of S. 

- 61° 52^ L. of S. 
Deviation and variation . . . 41° R. 

TrueconrM 20° 52^ L. of S. 

Hence, coarse and distance S. 21° W., 19 m. 

Sixth eouTtt (starboard tack) : 

E.8.E. - 6 pts. L. of S. - 67° SO' L. of S. 
Deviation and variation . . . 40° R. 

Trueconrse 27° 30' L. of S. 

Hence, conrse and distance S. 27° E., 18 m. 

Qwrreni course : N.N.E. -• 2 pts. R. of N. 

- 22° 30^ R. of N. 
Variation 31° R. 

Trueconrse 53°30'R. ofN. 

Hence, coarse and distance N. 54° E., 21 m. 

The Tbavebse. 



a 


D. 


N. 


S. 


E. 


W. 


N. 79° E. 
S. 37° E. 
S. 24° E. 
N. 62° W. 
N. 64° W. 
S. 21° W. 
S. 27° E. 
N. 54° E. 


17 
21 
20 
24 
26 
19 
18 
21 


32. 

11.3 
11.4 

12.3 


16.8 
18.3 

17.7 
16.0 


16.7 

12.6 

8.1 

8.2 
17. 


21.2 

23.4 

6.8 


Li - 30.6 = 0° 3K 
_ n Ao 11/ 


38.2 


68.8 
38.2 


Q2.Q 
51.4 


5J,4 


J> =» il ^ V il' 


• 


30.6 


11.2 
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1/ -62° O^N. A' =150« O'E. 

L4 - O^Sl'S. Xd ^ QP IV E. 



6. i>epariur« course (the opposite of N. | W.) : 

S.f E.=.f ofapt.- 8«26^L.ofS. 
Deviation 6° L. 

14«26^L.ofS. 

Hence, course and distance S. 14^ E., 19 m. 



First course (port tack) : 

S.W. J W. = 4} pts. R. of S. « 50<> 37^ E. of S. 
Variation and deviation ... 8° E. 



True course 58° 37^ R. of S. 

Hence, coarse and distance S. 59° W., 58 m. 

Second course (starboard tack) : 

N.}E. = f pt. R. ofN. 
Leeway = 3| pts. L. 

3 pts. L. of N. = 33° 45' L. of N. 
Variation and derivation ... 17° R. 

Tme course . . . • • • . 16° 45^ L. of N. 

y Hence, course and distance N. 17° W., 15 m. 

Third course (starboard tack) : 

S.E. J E. = 1} pts. L. of S. 
Leeway = 2} pts. L. 

41 pts. L. of S. = 47° 48' L. of S. 
Variation and deviation ... 20° R. | 

True course 27° 48' L. of S. 

Hence, course and distance S. 28° E., 9 m. 
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Fourth count (port Uck) : 

W. by S.-7 pts. R. ofS. 
Leeway — }^ pt B. 

7} pts. R. of S. - %V Zy R. of S. 
Variation and deviation ... 0** 

TrueconrBe 81«33^R. ofS. 

Hence, course and distance S. 81^ W., 50 m. 

I^fHh etnme (starboard tack) : 

E.N.E.-6 pts. R. ofN. 
Leeway — 2} pts. L. 

3 J pts. R. of N. = 39^ 22^ R. of N. 
Variation and deviation ... 33^ R. 

Tmeooorse 62*> 22' R. of N. 

Hence, coarse and distance N. 62^ £., 12 m. 

Sixth eovru (port tack) : 

S.S. W. J W. - 2J pte. R. of S. 
Leeway » 1} pts. R. 

4J pts. R. of S. - 4r» 48' R. of S. 
Variation and deviation ... 10° R. 

Trueconrse 57^48^^ ofa 

Hence, course and distance S. 58° W., 22 m. 

Current coune : 

S.W. J W. -41 pta R. of S.-47°48' R. of a 
Variation 14° R. 

True course 61° 48' R. of a 

Hence, course and distance B. 62^ W., 42 qu 
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The Tbavebse. 



a 


i>. 


iV. 


8. 


E. 


W, 


S. 14«E. 

s. 590 W. 

N. 17* W. 
S. 28<>E. 
S. 8I0 W. 
N. 62® E. 
S. 58« W. 
S. 62« W. 


19 
58 
15 
9 
50 
12 
22 
42 


14.3 
5.6 


18.4 
29.9 

7.9 
7.8 

11.7 
19.7 


4.6 

42 
10.6 


49.7 
4.4 

49.4 

18.7 
37.1 


i^=. 75.5- 76'-lM6^S. 

M.-^ 1 QQ Q 1 J/IO 00 f>A/ TKT 


19.9 


95.4 
19.9 


19.4 


159.3 
19.4 


P =» l0£f.«7 « 14v^ =■ ^ /^ 


iV VT . 


75.5 


139.9 



L' -50<>12^S. 
L4 - 1*16' S. 

I/' - 51« 28' S. 



A' -179<>40'W. 
X4 = 2*20' W. 

A" = 182* 0' W., or 178* E. 



7. First course : 

S.E.-4 pt8. L. ofS. 

Deviation and variation ... 1} pts. L. 

True course 5^ pts. L. of S. 

Hence, course and distance S.E. 5J pts., 27.8 m. 

Second course : 

E.S.E. J E. » 61 pts. L. of S. 

Variation If pts. L. 

True course 8 pts. L. of S. 

Hence, course and distance E. 75.2 m. 

Third course : 

E. = 8 pts. R. ofN. 

Deviation and variation . . . 1}^ pts. L. 

True course 6i pts. R. of N. 

Hence, course and distance N.E. 6} pts., 8.7 m. 



due east. 
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The Traverse. 



a 


i>. 


N. 


8. 


K 


W. 


S.E. 
E. 

N.E. 


5} pts. 
8 pts. 
6} pts. 


27.8 
75.2 

8.7 


0. 
2.1 


13.1 
0. 


24.5 

75.2 

8.4 




Zi- 11-irs. 


:. 


2.1 


13.1 
2.1 


108.1 
0. 





p » lUo « 


■ 1 tO' X 


11.1 


108.1 



L' -36«42>'N. 
L4 IF S. 

i/'-36*3KN. 



A^ -4*>25^W. 
A4 -1^48^_E. 

\^^ - 2<» 37^ W. 



Exercise VIII. 

1. Referring to the triangle CP(/, 

Lat. Cy - 49* 68^ N. 
Long. (7 - 5° 1 2' W. 
Lat. C - 32° 18' N. 
Long. C = 64<> 50' W. 

c - 90° - 49° 58' - 40° 2'. 
c' =90° -32° 18' -57° 42'. 
\i = 64° 50' - 5° 12' - 59° 38'. 

To find the initial courses : 




tan J ((> + C) - 
tanJ(C^-C') 



cos i(<^ — c) 
COS i (c' 4- c) 

sin } (c' — c) 
sin J (c' -f- c) 

}(c'-c)=- 8° 50', log cos - 9.99482 
J (c^ 4. c) =. 48° 52', colog cos - .18190 
jArf =29° 48', log cot -1024178 



COt^A^i. 



cot i \d. 



log sin 
colog sin 
log cot . 



logtan}(C^ + ^)- 10.41850 logtan i(C^-CO' 



9.18628 

.12310 

10.24178 

9.55116 
19° 35'. 
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.-. C-N. 88°42^ W. 

and C=» N. 49® 32-' E., which are courses from Lizard and Bermndas, 
respectively. 

The plot as indicated in the above diagram should be completed now 
by drawing Po. 

To find the distance : 



cos 



^ co8j((7+0') ^ 



J(c + cO -48«»52^ 
J(C+0') = 69*> 7^ 
J Ad -29°49^ 

} i) = 23<> 26^ 
i) = 46° 52>' - 2812 m. 

To find Lotv. 
sin i^ = sin c^ sin C 

'9.92699 
= J 9.88126 

.9.80825 
iV - 40« V. 

= 49° 59^ N. 



log cos -9.81810 

colog cos = .44798 

log sin =-9.69655 

log COS J i) = 9.96263 



To find A of v. 
cot CPo « cos c^ tan C 

9.72783 
10.06901 



9.79684 

CPo - 57° 56^ 

A of a- 64° 50^ 
57° 56^^ 



Aofv- 6°54^W. 



2. Referring to the accompanying 
s^.herical triangle, 

Lat. (y = 51° 26' N. 
Long.O'- 9°29'W. 
Lat. C - 42° 16^^ N. 
Long, a - 70° 46' W. 

c -90° -51° 26' = 38° 34'. 
c' - 90° - 42° 16' = 47° 44'. 
\i - 70° 46' - 9° 26' - 61° 17'. 
.-. jA<,-30°39'. 
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'^ ' 8iii}(</ + e) ' 

}(e/^e)- 4<>3y, log cos - 9.99860 log sin - 8.90260 

}(c^ + c)-43<> 9^ cologcos- .13694 cologsin- .16500 

JA4 -30*>39'. log cot -10.22726 log cot -10.22730 

log tan} ((7 -hC)- 10.36280^ log tan |((7-C)- 9.29490 

J((r + (7)-66»33' }((7-(7)-ll*»9^. 

i(Cy>C)- lP 9^ 

... cr o. 770 42/ 

Hence, N.77^42W. and (7-N.55<*24^£. are the courses from Cape 
Clear and Boston. 
Now draw Po in the diagram. 

To find the distance : 

1 T^ cosHc' + c) . - 

cos } 2> - — , ,Vr . ri. «n }^- 
' cos J (C7 + C7) 

}(e/ + e) .430 9^ log cos -9.86306 

}((v + 0-66*33' cologcos - .40017 

\k4 -30<>39' log sin -9.70739 

log cos 1 2>- 9.97062 
.-. Ji>-20*»50'. 

i>-41*»40'- 2500 m. 

To find L of V, To find X of «. 

sin Po » sin c' sin C cot GR; — cos c' tan C 

f9.86925 r 9.82775 

« J 9.91547 . J 10.16124 

19.78472 1 9.98899 

.-. Pk;-37«32'. CP«-45«44' 

i of t; - 90« - 37*»32' ^ ^^ ^' ^^^^^ 

-52»28'N. xoft;-25« 2'W. 
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3. Lat. (y - 50° N. 
Long, a - 128«. 
Lat. C « 2P 18^ N. 
Long. C =157*»52'W. 

c =g0*-50*» = 40^ 
c/ = 90<» - 2V* 18^ - 68<> 42^ 
K4 - 15r 52^ - 128« = 29*> 52'. 
JA4-14«56^ 




tan}(Cy + CO 



cos §(</ — €) 
COS J C*'^ + ^) 



cot } x<^ 



tan HC - C) = ^^^T^-^.cot J A* 
*^ ' 8in i (c' + c) * 

J(c/_c)«14«»21^ log cos = 9.98623 log sin - 9.39418 

J (c' + c) =» 54*» 2F. cologco8= .23446 cologsin- .090U 

\Kd =14*>66^ log cot =10.57397 log tan =10.57397 

log tan } (C^ + C) = 10.79466 log ten J (C^ - C') = 10.05828 

J((y + C)= 80<»53 }(O'~C) = 48*»60^. 

J((7-C)=- 48*>50' 

C^ = 129*>43' 

or S. 50° 17' W., (7= N. 32° 3' E., are the courses from Vancouver and 
Honolulu. 180° - 129° 43' = 50° 17'. 

I7ow draw Po in the above diagram. 

cos J i) = ^_ //^ . rr\ S^Q 2 ^<*- 



cosJ(C^ + C) 



J(c' + c) =54° 21', 
j((y+(7)=80°53'. 
jArf -14° 56'. 



log cos 

COlog COS 

log sin 



- 9.76554 
= .80012 
= 9.41110 



log COS J Z> = 9.97676 
}i>-18°34'. 

D = 37° 8' = 2228 m. 



To find L of «. 

sin Pv = sin c' sin C 

'9.96927 
= \ 9.72482 

.9.69409 



i^ = 29°38'. 

iof» = 90° 

29° 38' 



60° 38' N. 
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!9J5e020 \ of C= 157** 52^ 

9.79663 770 11/ 

9.35683 xofv^ 80®41^W. 

4. Later -40*»N. P 

Long.(r- 9»29^W. ^^ 

Lftt (7 - 51«26' N. ^^^""^^ 

Long. C - 74* W. ^^^ 

e - 90«> - 4(y> - 50». y^ ^^^___ 

«'-90»-61»26^-38«34^. X^,.^^ ' ^ ^ 

A4-74«- 9»29'-64*>3K yj^^^^"^ 

iAtf-32<'16^. C-^ 

J(c-«^- 6»43^ logco0 - 9.99784 log sin - 8.99829 

JCc + O-^^'^n^ cologco0- .14616 colog8in« .15602 

\\A -32^16^, log cot -10.19972 log cot -10.19972 

logtan}(C+Cr)- 10.34271 logtan J(C-(7)- 9.36403 

}(C+Cr)-66<>34^ }(C-C0-12*»44A 

}(C-Cy)- 12^44^ 

C7- N. 78« 18' W. 

and C - N. 52® 50' E. are the course from Cape Clear and Sandy Hook. 
Now draw P«. 

To find the distance : * 

cos f x/ — •^ — - — L Bin 1 \. 

* cosKC+O') ^^ 

*(« + cO -44017', log COB -9.85486 

}(C+ 00-65034'. cologcoB - .38338 

\\4 -32^16'. log sin =9.72743 

log cos }i>- 9.96566 
Ji>-22029'. 

i>-44*68'-2698ni. 
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To find Z of V. 
Bin i^ « sin (/ sin 
9.79478 



.9.78566 

i\;-37*»37^ 

Xofv-90«0(K 
37*» 37' 



62*> 23'' N. 



To find A of V. 

cot CPo =• cos ef tan C 

' 9.89314 
10.68384 



110.57698 

Ca^-14*>50' 
XofC^- 9«29'W. 



2i4*» W'' W. 



Lat. (T -49*>58'N. 
Long. 0^ - 5«12'W. 
Lat. (7 -23«S. 
Long. C - 42® W. 

c -90«-49«58'-40«»2'. 
</ - 90« + 23« - 113«». 
A4-42*- 5<»12''-36«48^ 
JA<-18«24^ 




tan}(0^ + (7) 



cos }(c' — c) 
cos}(c' + c) 



0Ot}A«|. 



tanl(Cy-C)-'44fe^cotJx*. 
'^ ' sin J (c' + c) * 



j(c/-c)-36«»29^ log COB - 9.90527 
J (V + c) - 76<> 31^ colog COB - .63234 
JA^ -18<>24^ log cot -10.47801 



log Bin - 9.77421 
colog sin— .01214 
log cot -10.47801 



log tan } (Cy + C) - 11.01562 log cot } ((T - C) - 10.26436 

}(CK + O- 84<>29^ j((y- (7) - 61*>27^ 

J((y-(7)-610 27^ C-N. 

180°-^146O56'-34«4'-(7-145<»56^ and C-N.23°2'E., or 
(r-S.34«4'W. Now draw i\;. 



To find the distance : 



cosji) 



cosKC^ + O 



286 
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}A4 -18«24', 






To find Lotv, 

•ini^-'ime^BinC 

rin 180" - 113« - Bin er - </. 

log Bin c^ » 9.96403 
logsinC - 9.59247 

log Bin i\^- 9.55650 

i¥-2P6^N. 

90*>00^N. 
21** 6^N. 

i of •-68® 54^ N. 



log COB -=9.36766 
cologcoB -1.01712 
log Bin -9.49920 

log coe}i>- 9.88398 

4806 m. 

To find X of V. 
cot Ci\;- COB </ tan (7 

r9.59188 
9.62855 



19.22043 



CPo -80^34' K 
xof(7-42«00'W. 

xof« -38«34^ K 



6. Later -34«20'S. 

Long. Cy - 18<> 30^ E. 

Lat C - 23* S. 

Long. C - 42*» W. 
e -90«>-34«20^-65O40^, 
</ -90«-23^ -67**. 
K4 - 42« + 18<> 30^ - 60<» 30^. 
JA4 = 30<»15. 

tan}(C^ + C^ = ^^^47^^xC0t}x* 

^^ ^ C08J(C^ +C) ' 

sin J (c^ — c) 




Un}(Cy-C)-^.^j(^^^j 

J(c/-c)- 5*>40^ log COB - 9.99787 
i(c^ + c) = 61°20^ cologcoB- .31902 
J\i =.30«15^ log cot -10.23420 



cot JX4. 



logtan i(0^ + (7) - 10.55109 
J ((y + 0-740 16^ 

1(C?'-C)-10°56' 



log sin 
colog sin 
log cot 

logtan(O'-C) 



8.99450 

.05679 

10.23420 

9.28549 
100 55/. 



C=85<>12'W. 
(7- S. 63^20^ E. 
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Now draw Po. 


.. 




. ' cobJ(c' + c) . , 
^"^*^'cosi(0'+(i«^°i^-- 
iie' + c) =6P20^ log cos 
1((7 + (7) = 74<» 16^ cologcos 
i\d - 30O 15^ log sin 


= 9.68098 " 
=- .56677 
= 9.70224 





log COS } i) = 9.94999 
/. }i>=.26«59'. 

2) - 53<> 58^ - 3238 m. 
To find L of V. To find X of v. 

sin Pv = sin c'sin C cot CPo = cos (/ tan 

'9.96403 * r 9.59188 

9,95116 .J 10.29911 



19.91519 

Pi; = 55® 20^ 

90O 0^ 
65«20^ 



9.89099 

OR; ='52® 7^ E. 
42®0^W. 

Xoft; = 10®7^E. 



Lofv = 34® 40^ S. 



7. Lat. O' - 32® 3' S. 
Long. O' -115® 45^ E. 
Lat.C - 20® 24^ S. 
Long.C =- 57®47^E. 

c - 90® - 32® 3^ = 57® 57'. 
(j/ =» 90® - 20® 24^ = 69® 34^ 
\4 - 115® 45' - 57® 47^ - 57® 58^ 
i Xd = 28® 59^ 
Use formula [10] as before. 

J (c^ - c) - 5® 49^^. log COS =. 9.99776 
J (O' + C) - 63® 51^ colog COS - .35583 
jAtf -28®59^ log cot =10.25655 




log sin - 9.00581 
colog sin =» .04690 
log cot =10.25655 



Draw Po. 



log tan } (C^ + C^ =- 10.61014 log tan } (O' -C) = 9.30926 

J (Cy + C) - 76® 13'. i (C^ - C') = 11® 31'. 

J(Cy-C) = ll®32'. 

C= S. 87® 45' E., and C- S. 64® 41' W. 



VATIOATUHr. 



To iad lU dktoon 






i>- 

To find £ off. 
u Ar - fill e' till C 

9.97178 
. 1 9.96615 



logcoi -9.6i41T 
eologcoi - .62297 
logan . 9.6853i 

62* 38^-3166 a. 

To find A of «. 
oot CA «> 008 e^ tfuft C 

r 9.54297 
. J 10.32509 



.9.92793 
A-5r»63^. 

Xoff-32* 7^8. 

a Lat C -48« 2'N. 
Long. Cr- 4«3yW. 
L»t. C - 16« 38^ N. 
Long. (7 -70»56^W. 

c -90«-48« 2^-41*58^ 
e' - 90« - 16^38' - 73*22^ 
Aj - 70«55'-4*>35'-66« 20^. 
}A4-33»10'. 
Use formala [10]. 

}(c/-c)-16<>42', 
J(</ + o)-5r»40/. 
iAtf -33*10^. 






9.86806 
CB> - 63®34^ 
AofC» 5?* 47' 

Xofv -.11 




C 

log 008 « 9.98349 
colog C08 - .27177 
log cot -10.18472 



log sin - 9.43233 
oologsin^- .07317 
log cot « 10.18472 



log tan } ((y + C) - 10.43998 log ton } (C^ - C^ = 9.69022 

J(Cr+C)-70O3' J(a'-C)-269 6' 

26«6' 



9ei^9^ 
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C7=N.43«57'E. 




180<» - 96*> 9^ - 83«5KCy. 




«s. 830 srw. 




Now draw i^. 




To find the distance use formula [11]. 




i{c^ + c) -57*>4(y, log COB 


- 9.72823 


J(CK + C)-70*> 3^ cologcos 


*- .46699 


}\, -33«1(K, log sin 


1- 9.73805 



log cos^/)*- 9.93327 

}/) = 30<»57^ 
D = 61*> 54'' - 3714 m. 

To find L of V. To find x^ of v. 

sin Pi; = sin c^ Bin (7 cot (7i^ «- cos c^ tan (7 
'9.98144 [9.46674 

9.84138 - i 9.98408 



.9.82282 

Pb-4P41. 

90*» (K 
4P41^ 



.9.44082 

€Po « 74« 34' E. 
AofC-70«^56M7. 

Xof»« 3<>39/E. 



i;oft;=-48<»19'N. 



9. Later - 40° S. 
Long. (/ - 148« 30' E. 
Lat.(7 - 12<» 4'S. 
Long.C - 7r'14'W. 

e =. 90<»-12O4'=.77*56^ 
A4-148<>30' + 77*»14^ 
-225«44', orl34<>16^ 
}Xrf- 67** 8^ 

Use formula [10]. 

J(c'-c)«-13<»58', 
j(c^ + c)-63«58', 
}\, -670 8', 




log cos 
cologcos 
log cot 



9.98697 

.35764 

9.62504 



log tan J (Cy + C) « 9.96965 
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l(0' + C7)-43« 
Now draw iV. Use formnla [11] to find D. 



C - S. 36® 32' W. 



.J(</ + c) -63«58^. 
1(OK + C7)„43o 0/. 



log cos -9.64236 
cologcoB— .13587 
log sin » 9.96445 

log 006 }2>- 9.74268 



Jl>-56<»26^ 
Z)-112*» 62' -6772 m. 

To find L of V. To find A of v. 

■in /V — sine' sin C cot CiV»co6c'tan (7 



9.99021 
9.77473 

19.76494 

iV-36«36'. 

90«> (/ 
36«36' 



9.32025 

9.86974 

9.18999 

CRf- 81«12' 

770 14, ^^ 



Xofr-158«26'W. 



Xofv-54»24'S. 



To find X4. 
i/ -40»S. 
Z''-12» 4'S. 



B7 Rninb Line : 

To find Lm. 
U =40<»S. 
i/'-12»4'S. 



To find Xrf. 
K''^ 77*»14'W. 



ij -27*»56' 
- 1676 m. 



2 )52° 4' 



To find the course. 
tftnC=^^^^ 

logA^ =• 3.90611 
logco«X|»« 9.95354 
cologZii - 6.77573 

log tan (7 -10.63538 

C-76*»58'. 

That is. N. 76«58'E. from A, 
or S.76«68'W. fromB. 



X4 - 225^44' 

= 360° - 225<» 44' 
. - 134° 16' - 8056 m. 

7o find the distance. 

D^L4BeoC. 

bgXi =-3.22427 
log sec C= .64682 

bg 2> - 3.87109 

D - 7432 m. 

Thb proves that the course is 
nearer \j great circle sailing than 
by midille latitude sailing, and is 
iherefoie preferable. 
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Exercise IX. 

1. Observed altitude 25® e^W^ 

Correction , . . . 4^50^^ 

True altitude 25« r2(y^ 

Index correction +1^ 15^' 

Dip »- 4> 2^^^ 

Refraction - 2^ 3.4^^ 

Total correction - i^bOA^^ 

2. Observed altitude 15° 20^25'^ 

Correction 9' 44^^ 

True altitude 15°1(K4F' 

Index correction — 2^ 2(K' 

Dip - 3^55^' 

Refraction — 3/29.4^^ 

Total correction : — 9-^44.4^-' 

3. Observed altitude 18°17^30^/ 

Correction : 9MF>^ 

.True altitude 18«27^1P' 

Index correction +0^ 18^^ 

Dip - 4^ 9^^ 

Refraction - 2^54^^ 

Semi-diameter +16^18-''' 

Parallax ........: + ' 8^^ 

Total correction + 9^41-'^ 

4. Observed altitude , . . 30*>12^4(K^ 

Correction 1(K24^^ 

True altitude 30° 23^ 4^' 

Semi-diameter + 16^ 4^^ 

Parallax + S^^ 

Index correction — 0^ 0^^ 

Dip - 4^6^-' 

Refraction - 1^39^^' 

Total correction +10^24^^ 
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6. Obaerved altitude 6&*25^20^^ 

Correction 10^18^' 

True altitude 56^36^28^^ 

Semi-diameter +W Z^^ 

Parallax + 5^/ 

Index correction — V2(/^ 

Dip - 4^ 2^^ 

Refraction - (K38^' 

Total correction 10^ 38^^ 

6. Obwrved altitude 6(y>l(yi(K' 

Correction 9^65^^ 

True altitude 60919^ 5^^ 

Semi-diameter +15' 48'' 

Parallax + 0/ 4" 

Index correction -1-2' 15" 

Dip -4/9// 

Befraction - (KSS" 

Total correction 0'55" 

7. Observed altitude 31«»24'35" 

Correction 10' 38" 

True altitude 31® 36' 13" 

Semi-diameter + 16' 14" 

Parallax + . 8" 

Index correction —CO" 

Dip -4/9" 

Refraction - 1'36" 

Total correction -I- 15' 56" 

8. Obeerved altitude 28*»17'20" 

Correction 19'53"- 

True altitude 26o 57' 27" 

Semi-diameter —16' 10" 

Parallax + 8" 

Index correction -1-2' 15" 

Dip -4/9// 

Befraction - 1'57" 

Total correction —19' 53" 
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9. Observed altitude 20*»36^30'' 

Correction 21^49^^ 

True altitude 20*'13^4K^ 

Semi-diameter -15^46^' 

Parallax + (K 8^^ 

Index correction + -0^ 18'^ 

Dip - 3^55^^ 

Refraction - 2^34^-^ 

Total correction -^VW 

10. ObBerved altitude 36«12a(K' 

Correction ^bV 

True altitude 36»5F13^' 

Semi-diameter — 15^47^^ 

Parallax -I- 0^ 8^' 

Index correction +0^ 25^^ 

Dip - 4^23^' 

Refraction - VTfy' 

Total correction -2(K67^^ 



M 











Exercise X. 






ASTBOHOMIOAL TiME. 


Civil Time. 








d. 


h. 


n. 


tee. d. h. a. 


wm. 


1. 


1882 July 


8 


7 


6 


10 « 1882 July 8 7 6 


10 P.M. 


2. 


1882 Mar. 


7 


12 


25 


30 » 1882 Mar. 8 25 


30 a.m. 


8. 


1880 Jan. 


1 


18 


10 


10 » 1880 Jan. 2 6 10 


10 A.M. 


4. 


1879 Dec. 


31 


15 





- 1880 Jan. 1 3 


Oa.m. 


6. 


1883 Feb. 


2 


8 


4 


30 » 1883 Feb. 2 8 4 


30 P.M. 




Civil Time. 




ASTEONOMIOAL TiMB. 






d. 


h. 


m. 


tee. d. h. 


■k Me. 


6. 


1882 July 


1 


11 


8 


25 A.M. - 1882 June 30 23 


8 25 


7. 


1880 Mar. 


2 


11 


56 


56 P.M. - 1880 Mar. 2 11 


56 56 


8. 


1880 Aug. 


3 


10 


8 


20 P.M. = 1880 Aug. 31 10 


8 20 


9. 


1881 Sept. 


1 





12 


15 A.M. - 1881 Aug. 31 12 


12 15 


10. 


1883 Jan. 


1 


10 


41 


66 A.M. » 1882 Dec. 31 22 


41 56 
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EXEBCISE XI. 

d. h. ■. 
1. Ship date, May 4 6 12 15 

Longitude in time, 11 23 20 16 )170*^5(K 0^^ 

no 23^ 2(K^ 



Greenwich date, May 4 17 35 35 



d. h. ■. 
2. Ship date, Jaly 31 11 12 30 

Longitude in time, 2 41 20 15 )40** 20^^ 



July 31 13 53 50 
July 30 12 



2h.4F20'' 



July 31 1 53 50 

Greenwich date. See role " To convert Ciyil into Astronomical time," 
page 67. 



d. h. B. 

3. Ship date, Ang. 1 2 10 15 a.m. 

Longitude in time, 5 22 43 15)80M0M6^ 

Greenwich date, Aug. 1 7 32 58 6 h. 22^ 43^^ 



d. h. ■. 

4. Ship date, Mar. 2 10 20 p.m. 

Longitude in time, 3 23 15)50M5' 



Greenwich date. Mar. 2 6 57 



3h.23>' 



d. k. ■. 

6. Ship date, Mar. 25 11 8 p.m. 

Longitude in time 6 41 22 15 )100^25^30^^ 



Greenwich date. Mar. 25 17 49 22 



6041^22^'' 



d. k. ■. 

6. Greenwich date, Dec. 30 19 47 28 

Longitude in time, 1 40 28 1 5)25° 7^ (/^ 



Dec. 30 18 
12 



1 h. 40^ 28^^ 



Dec. 31 6 7 am. 
Local civil date. See rule middle of page 67. 
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7. Greenwich date, July 4 23 51 

Longitude in time, 11 56 15 )179°0^(y^ 

July 4 n 65 0p.m. ^^^'^' 

8. Greenwich date, July 3 23 59 
Longitude in time, 11 56 

July 3 35 55 

24 

July 4 11 55 p.m. 
or a difference of 1 d. 11 h. Local civil time. 



d. b. BU 

9. Greenwich date, May 19 19 40 20 



Longitude in time. 




3 




15)45 


May 19 


19 
12 


43 


20 


3 m. 


May 20 
Local civil time. 


7 


43 


20 





1880. d. h. m. see. 

10. Greenwich date, Dec. 31 15 8 

Longitude in time, ' 8 40 1 5)2<>10^ 0'^ 



Dec. 31 15 16 40 

12 

1881 Jan. 1 3 16 40 
Local civil time. 

Exercise XII. 

1882. h. 

1. O's dec. Jan. 7 = 22° 21' 5.6^' 

58.23^' 



8' 40^' 



O's dec. Jan. 7 3 - 22*> 20' 7.4'' S. 

Eq. of time Jan. 7 = 6' 35.64" Diff. for 1 h. = 19.41" 

3.21" 3 

Eq. of time Jan. 7 3 = 6' 38.65" Diff. for 3 h. = 58.23" 

to be added to apparent time. Diff. for 1 h. = 1.069 S. 



Diff. for 3 h. = 3.207 S. 
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KO' + C) 
}A4 



76*31^ 






To find i of t. 

sin i\; — sin </ sin C 

Bin 18(y> - 113<» - sin 67* - </. 

log sin (/ -9.96403 

log sin C - 9.59247 

log sin fV;- 9.55650 

Pto-21«6^N. 

90« 00' N. 
2P 6'N. 

Xof«-68°54'N. 

6. Lat. O' -34<^2(KS. 

Long. (/ - 18« 30^ E. 

Lat. C - 23*> S. 

Long. C - 420 W. 
c/ -90*>-34°20'-55<»40'. 
c' - 90° - 23' « 67®. 
A< - 42<> + 18*> 30^ -= 60« 30^. 
JXrf-30«»15. 



log cos -=9.36766 
cologcoB =1.01712 
log sin -9.49920 

log cos }i) = 9.88398 

4806 m. 

To find X oft?, 
cot CPv = cos (/ tan 

'9.59188 
^ \ 9.62855 

.9.22043 

CPo - S0<* 34^ E. 
xof (7-420 00'W. 

xofti « 38^34' E. 







J(c/-c)=. 5*»40^ log COS - 9.99787 
j(c/-|.c)=-61°20^ cologcos- .31902 
JA^ -30°15^ log cot - 10.23420 

. log tan KC^ + C^ - 10.55109 
j (CC + C) - 74'' 16' 
j((7'-(7)-10<»56' 



log sin 
colog sin 
log cot 

logtan(O'-C) 



8.99450 

.05679 

10.23420 

9.28549 
10° 55'. 



C=85°12'W. 
C-S. 63°20'E. 
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d. ta> in. 

O's dec. Aug. 7 - 16«» 23^ 46.4^>' 
Difference 15 12- 10^39.3^^ 



O's dec. Aug. 7 15 12 - 15° 13^ 1.V' N. 

Eq. of time Aug. 7 0-5^32.14^' Diff. for 1 h. - 42.06^^ 

Diflf. for 15 12 - 4.529 15J 

5^ 27.616^^ Diff. for 15 h. 12 m. - 639.31'^ 
to be added to apparent time. - 1° (K 39.31^^ 

Diff. for 1 h. - .298'-' 
4.529^^ 

6. O'sdecDec. 4 = 22*> IBMl.S'^' S. 

Diff. for 6 18 - 2^ 6.55^' 



O's dec. Dec. 4 6 18 - 22'' 18^ 47.4^' S. 

Eq. of Ume Dec. 4 0-9^35.11^^ Diff. for 1 h. - 19.93^^ 

Diff. for 6 18 - 6.43'^ 6^ 

Eq. of time Dec. 4 6 18 - 9^ 28.68'-' Diff. for 6 h. 18 m. - 125.55'^ 
to be subtracted from apparent time. » 2' 5.55^'. 



d. h. m. 

6. G's dec. July 23 0-20o 3' 36.7^' N. 

Diff. for 20 16 40 - 10' 24.15'' 



O's dec. July 23 20 16 40- 19° 53' 12.55" N. 

d. h. ■. MO. 

Eq.oftimeJuly23 0-6' 12.96" Diff. for 1 h. - 30.78" 
Diff for 20 16 40- 1.5" ^^^^^^^ 20^ 

Eq. of time July 23 20 16 40 - 6' 14.46" Diff for 20 h. 16 - 624.15" 

to be added to apparent time. — 10' 24.15". 

Diff for Ih. - .074" 

20A 

Diff. for 20 h. 16 m. 40 sec. - 1.500" 
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d. h. m. 

7. O'sdec. Nov. 1 ^ 14? 2^ ^.S^^ 8. 

Diflf. for 3 6- 2' 28.8'^ 



O'sdecNov. 1 3 6 = 14« 32M7.6'' S. 

d. h. ■. 

Eq. of time Nov. 1 0-16^18.58^' Diflf. for 1 h. = 48'-' 
Diff. for 3 6- .ir^ 3,V 



Eq. of time Nov. 1 3 6-16M8.76'' DiflT. for 3 h. 6 m. - 148.8'>' 
to be Bubtracied from' apparent time. — 2^ 28.8^'. 

d. h. B. 

8. O'sdec. Octl2 - 7*> 27' 54.2'>' S. 

Diflf. for 6 12 - 4' 63.23'' 



0*8 dec. Oct. 12 5 12 - 7« 32' 47.43" S. 

d. h. m. 

Eq. of time Oct 12 0-13' 28.72" Diflf. for 1 h. - 56.39" 

Diff. for 5 12 - 3.16" 5i 

Eq. of time Oct. 12 5 12 - 13' 31.88" Diflf. for 5 h. 12 m. = 293.23" 
to be subtracted from apparent time. — 4' 53.23". 

Diflf. fori h. - .608" 

H 

Diflf. for 5 h. 12 m. - 3.161" 

d. h. ou 

9. O'sdec. June 7 - 22o 46' 32.6" N. 

Diflf. for 3 18 - 47.42" 



O'a dec. June 7 3 18 - 22<> 47' 20.02" N. 

d. Ik. ID. 

Eq. of time June 7 = 1' 27.4" Diflf. for 1 h. -14.37" 

1.52" 3A 

Eq. of time June 7 3 18 - 1' 25.88" Diflf. for 3 h. 18 m. = 47.42" 
to be added to mean time. 

Diflf. Ih. - .461 

Diflf. 3 h. 18 m. - 1.521 
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da ha m. 

10. O'sdec. Feb. 3 = 16*> 27^ 20.5^' S. 

Diff. for 9 15 = 6' 49,77^^ 



O's dec. Feb. 3 9 15 = 16° 20^ 30. 73^-^8. 

d. h. m. 

Eq. of time Feb. 3 = 14' 5.0F' Diflf. for 1 h. 
Diff. for 9 15 = 2.31'>' 




Eq. of time Feb. 3 9 15 = 14' 7.32'' Diff. for 9 h. 15 m. - 409.77'^ 
to be subtracted from mean time. . 6' 49.77'^ 

Diff for Ih. = .25'^ 

Diff. for 9 h. 15 m. « 2.31" 



Exercise XIII. 

1. Since the sun bears south, the zenith is north. 

d. h. m. sec. 

Ship date, Jan. 10 

Longitude in time, 6 50 44 

Greenwich date = Jan. 1 6 50 44 



d. b. m. see. 

O's dec. Jan. 1 = 22° 59' 37.6" S. 
Diff. for 6 60 44 = 1' 26.59" 



O's dec. Jan. 1 6 50 44 = 22° 58' 11.01" S, 

Obs. Mer. alU Q = 59° 59' 50" S. Index corrected, + 0' 50" 

12' 51.79" Dip, - 3' 48" 

True alt. -» 60° 12' 41.79" S. Semi-diam., + 16' 18.39" 

90© 2^ Refraction, — 33.6" 

Parallax, + 5" 



Zenith dist - 29° 47' 18.21" N. 

Dec. ^ 22° 58' 11.01" S. 12' 51.79" 

Lat »i 6° 49' 7.2" N. 
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2. Since the 8un bears soath, the zenith distance is north. 

d. ta. m. sec. 

Ship date, Feb. 10 

Longitude in time, 5 12 56 E. 

Greenwich date, Jan. 31 18 47 4 

O's dec. Jan. 31 = 17° 19^ 11.8'^ 
Diff. for 18 47 4 - 13^ 10.26'' 



O's dec. Jan. 31 18 47 4-17° 6' 1.26''S. 

ObB. alt. Q = 78° 4' 10'^ Semi-diam., + 16' 15.98'' 

13'36.58'>' Parallax, + 2" 

Tme alt. - 78° 17' 46.58" S. ^^^^^ correction. + 55" 

90° N. r'P- . ""*:!. 



Zenith dis. - 11° 42' 13.42" N. 
Dec. - 17° 6' 1.26" S. 

Lat - 5° 23' 47" S. 



Refraction, - 12.4'^ 



13' 36.58" 



3. Since the sun bears north, the zenith distance is south. 

d. b. Dt. B6C. 

Ship date, Mar. 20 

Longitude in time, 11 33 12 

Greenwich date. Mar. 20 31 33 12 

d« h. n. sec. 

0's dec. Mar. 20 0-0° 4' 52.7" S. 

Diff. for 11 33 12= 11' 24.63"^ 



O's dec. Mar. 20 11 33 12= 6' 31.63" N. 

Obs. alt. =89° 37' 0" N. 

16' 27.34" Semi-diam., +16' 5.34'-^ 

Parallax, + 0" 

Index correction, + 4' 32" 

Dip, - 4' 9" 

Zenith dis.- 0° 6' 32.66" S. Refraction, - 1" 

Dec. = 0° 6' 21.93" 



True alt. - 89° 53' 27.34" 
90° 



Lat. — .73" S., or nearly 0. 



+ 16' 27.34" 
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4. Since the sun bears south, the zenith distanc9 is north. 

d. b. m. see. 

Ship date, April 10 

Longitude in time, 5 50 45.3 

Greenwich date, April 1 5 . 50 45.3 

d. h. m. MO. 

O's dec. April 10 = 4*=» 36' 50.6'^ N. • 
Diff. for 5 50 45 = 5' 37.7'^ 



O's dec. April 1 5 50 45 = 4° 42' 28.3'^ N. 



Obs. mer. alt. 


- 48° 42' 30" 
12' 50" 


True alt. 


= 48° 55' 20" S. 
90° N. 


Zenith dis. 
Dec. 


= 41° 4'40"N. 
= 4° 42' 28.3" N. 


Lat. 


= 45° 47' 8.3" N. 



Semi-diam., + 16^ 2.08" 

Parallax, + 7" 

Index correction, + 1' 42" 
Dip, - 4' 9" 

Refraction, - 52" 

+ 12' 50" 



5. Since the sun bears south, the zenith distance is north. 

d. h. m. seo. 

Ship date, Sept. 10 

Longitude in time, 6 30 48 

Greenwich date. Aug. 31 17 29 12 



d. 



h. 



m. Bee. 



O's dec. Aug. 31 
Diff. for 



= 8° 35' 48.1" N. 
17 29 12= 15' 46.5" 



0's dec. Aug. 31 17 29 12 = 8° 20' 1.6" N. 



Obs. alt. 



= 51° 4'50"S. 
4' 30" 



True alt. =51° 9' 20" S. 

90° N. 



Zenith dis. = 38° 50' 40" S. 
Dec. = 8° 20' 1.6" N. 



Semi-diam., + 15' 53.52" 

Parallax. + 6" 

Index correction, — 6' 0" 
Dip. - 4' 42" 

Refraction, - 47.2" 

+ 4'30''' 



Lat. 



30° 30' 38.4" S. 
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6. Since the ean b^rs north, the zenith distance is south. 

d. h. BU MO. 

Ship date, Aug. 26 

Longitude in time, 6 8 12 



Greenwich date, Aug. 25 17 51 48 



h. ou Me. 



0'fl dec. Aug. 25 
DiEfor 17 51 48 



10<>43^ 4.9'^ N. 
15^ 25.8^^ 



O's dec. Aug. 25 17 51 48 =» 10«> 27^ 39.1^^ N. 

Semi-diam., + 15° 52.2^-^ 

Parallax, + 8^' 

Index correction, + 2** 17^^ 
Dip, - 3° 24^^ 

Refraction, - 1<» 21^^ 



Obs. mer. alt 


- 35° 35' 2Xy' N. 
13' 32'' 


True alt. 


- 35° 48' 52" N. 
90° S. 


Zenith dis. 
Dec. 

Lat. 


-54° 11' 8"S. 

- 10° 27' 39" N. 

- 43° 43' 29" S. 



+ 13° 32.2" 



7. Since the sun bears north, the zenith distance is south. 



d. h. m. 

Ship date, May 16 

Longitude in time, 3 1 



Obs. alt. 



True alt. 





44 



Greenwich date, May 16 3 1 44 



O's dec. May 16 
Diff. for 



h. 


3 



m. Me. 

= 19° 8' 24.9" N. 

1 44-. 1'43.7" 



©8 dec. May 16 3 1 44 = 19° 10' 8.6" N. 



- 86° 34' 20" N. 

16' 15" 

- 86° 50' 35" N. 
90° S. 



Zenith dis. = 3° 9' 25" S. 
Dec. - 19° 10' 8.6" N. 



Semi-diam., + 15' 50.9" 

Parallax, + 1" 

Index correction, + 4' 16" 
Dip. - 3' 48" 

Refraction, ~ 4.1" 

+ 16' 16" 



Lat. 



16° 0'43.8"N. 
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8. Since the san bears north, the zenith distance is south. 

d. h. m. NO* 

Ship date, Mar. 20 

Longitude in time, 11 36 

Greenwich date, Mar. 20 11 36 



O's dec. Mar. 20 = 0° 4^52.7^^8. 
Diflf. for 11 36 -. 11' 27.3^' 

O's dec. Mar. 20 11 36-0° 6' 34.6^' N. 

Semi-diam., + 15' 50.2'' 

Parallax, + 0' 0" 

Index correction, — V 15" 
Dip. - 3' 48" 



Obs. alt. 


- 89° 56' 10" N. 
10' 47" 


True alt. 


-90° 6'57"N. 
90° S. 


Zenith dis. 
Dec. 


= 0° 6'57"N. 
6' 34" N. 


Lat. 


- 0°13'31"N. 



Refraction, - 0' 0" 

+ 10' 47" 



9. Since the sun bears north, the zenith distance is south. 

d. b. ID. 160* 

Ship date, June 10 

Longitude in time, 2 58 40 

Greenwich date, May 31 21 1 20 

d. h. m. Mo« 

O's dec. May 31 - 21° 56' 38.9" N. 
Diff. for 21 1 20- 7' 25.8" 



O'sdec. May31 21 1 20-22° 4' 4.7" N. 

Obs. alt. - 72° 14' 10" Semi-diam., + 15'. 48.5" 

14' 41" Parallax, + 3" 

True alt. - 72° 28' 51" N. Index correction, + 3' 45" 

90° S. ^iP' - ^ ^^'' 
Refraction, - 18.9" 

^nithdi8. = 17°31' 9"S. ■ 

Dec. =22° 4' 4.7" N. +14' 41.6' 



Lat - 4° 32' 55.7" N. 
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10. Since the bqh bean soaih, the senith distance is north. 



d. 
Ship date. Dec. 1 

Longitude in time, 




4 31 44 



Greenwich date. Nov. 30 19 28 16 



d. b. ». 

O's dec. Nov. 30 - 21« 41^ 22.7^' S. 

Diff. for 19 28 16- t^ 50.5^^ 

O'b dec. Nov. 30 19 28 16 - 21o 49^ 13.2^^ S. 



ObB. alt 



- 18« 48' 10^' 8, 
6' 20.8'^ 



True alt. - 18° 54' 30.8'' S. 
9(y N. 



Zenith dis. - 71« 6' 29.2" N. 
Dec. - 21« 49' 13.2" S. 



Semi-diam., + 16' 15.8" 

Parallax, + 9" 

Index correction, — 3' 6" 
Dip, - 4' 9" 

Refraction, - 2' 49" 

+ 6' 20" 



Lai 



- 49« 16' 16" N. 



11. Since the sun bears north, the senith distance is south. 



d. h. ■. 

Ship date, Sept. 23 

Longitude in time, 3 51 

Greenwich date, Sept. 22 20 9 



Obs. alt. 

True alt. 

Zenith dis. 
Dec. 

Lat 



O's dec. Sept. 22 
Diff. for 



0-0«15'21.2"N. 
9 19' 37.3" 



0's dec. Sept. 22 9-0«> 4'16"S. 



- 84<» 10' 50" N. 
10' 24" 



-84'' 
90O 


21' 14" N. 
S. 


- 5» 


38' 46" S. 
4' 16" S. 



Semi-diam., + 15' 59" 

Parallax. + 2" 

Index correction, — 1' 36" 
Dip, - 3' 55" 

Refraction, — 6" 

+ 10' 24" 



- 5043' 2"S. 
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12. Since the sun bears south, the zenith distance is north. 



Ship date. Sept. 23 

Longitude in time, 7 69 36 

Greenwich date, Sept. 22 16 24 



d. h. 
O's dec. Sept. 22 
Diff. for 16 



m. Me. 

= 0°15'21.2^'N. 
24= 15^35.2^' 



O's dec. Sept. 22 16 24 



14^^ 8. 



Obs. alt. 



True alt. 



= 83«>46^ O^^S. 
6^ 15^' 

= 83° 52^ 15^^ S. 
-. 90° N. 



Zenith dis. = 6° 7M5^^N. 
Dec. - U^^'S. 



Semi-diam., + 16^ 59^^^ 

Parallax, + 2^^ 

Index corrected, — 5^ 30^' 
Dip, - 4^ 9^^ 

Refraction, — V 



Lat. 



= 6° 7^31^^N. 



13. Since the sun bears north, the zenith distance is south. 

. h. in. B6C. 

Ship date, Nov. 21 

Longitude in time, 4 41 2 

Greenwich date, Nov. 20 19 18 58 

d. h. in. sec. 

O's dec. Nov. 20 = 19° 44^ 49.6^' S. 
Diff. for 19 18 58= 10' 53.8^^ 



O's dec. Nov. 20 19 18 58 - 19° 55^ 43.4^^ S. 



Obs. alt 



80° 20' O^'N. 
8' 53^' 



True alt. = 80° 28' 53'^ N. 
90° S. 



Zenith dis. = 9° 31' 7'^ S. 
Dec. -= 19° 55^ 43'^ S. 



Semi-diam.. + 16' 14'^ 

Parallax, + V^ 

Index correction, — 2' 50" 
Dip, - 4'23'' 

Eefraction, - 10" 

+ 8^53" 



Lat. 



29° 26' 50" S. 
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14. Since the son bean south, the zenith distAcce is north. 



d. h. m. 

Ship date, Dec. 31 

Longitude in time, 8 15 

Greenwich date, Dec. 31 8 15 



0*8 dec. Dec. 31 
Diff. for 



h. m. 


8 15 



23<> 5^ 33''' S. 
V Z2ff 



0'8 dec. Dec. 31 8 15-23<»4' 1^' S. 



ObB.alt 



12' 35^' 



Tree alt - 67* 20^ 45^' S. 
90* N. 



Zenith dis. - 22<* 39^ 15^' N. 
Dec =23«» 4' l''S. 



Semi-diam., + \^ 18'' 

Parallax, + 4" 

Index correction, -»- 9" 

Dip. - 3' 32" 

Refraction, - 24" 

^ . 

+ 12' 36" 



Lai. 



0* 24' 46" S. 



16. Since the snn bears north, the zenith distance is sonth. 



4. h. m. 

Ship date, Oct. 20 

Longitude in time, 10 1 40 

Greenwich date, Oct. 20 10 1 40 



4. h. 

0'b dec. Oct 20 
Diff. for 10 



= 10° 24' 30" S. 

1 40= 8' 59" 



0sdec. Oct. 20 10 1 40 = 10° 33' 29" S. 



Obs. alt 



- 49<» 58' 50" N. 
12' 17" 

True alt -50«11' 7" N. 
90° S. 



Zenith dia. - 39« 48' 53" S. 
Dec. » 10« 33' 29" 8. 



Semi-diam., +16' 6" 

Parallax, ^- 7" 

Index correction, + 1' 10" 
Dip, - 4' 16" 

Befraciion, - 50" 

+ 12' 17" 



Lat 



50*> 22' 22" S. 
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16. Sioce the san bears north, the zenith distance is south. 

d. ta. m. MO. 

Ship date, Jane 10 

Longitude in time, 6 25 

Greenwich date, May 31 17 34 52 

d. h. m. Bee. 

O's dec. May 31 - 2P 56' SS.S'^' N. 
Diff. for 17 34 52= 6M2.8''' 



0's dec. May 31 17 34 52 = 22° V hV N. 

Obs. alt. -. 75° 38' 15'' N. Semi-diam., + 15' 48" 

11' 2" Parallax, + 2" 

True alt. « = 75° 49' 17" N. J"^^^ correction. + 27" 

90O S. ^^P' - ^ ^'' 
Kefraction, — 15" 

Zenith dis. = 14° 10' 43" S. ; 

Dec. -22° 2' 51" "^ " ^ 



Lat. = 7° 52' 8"N. 



17. Since the son bears north, the zenith distance is sonth. 

d. k. m. see. 

Ship date, Jane 25 

Longitude in time, 3 57 

Qreenwich date, June 24 20 3 

d. b. m. 

O's dec. June 24 = 23° 25' 22.4" N. 
Diff. for 20 3= 1' 



O's dec. June 24 20 3 = 23° 24' 22.4" N. 

Obs. alt. = 60° 23' 15" N. Semi-diam., - 15' 46" 

19' 16" Parallax, + 4" 

True alt. =60° 3' 59" N. ^°^'^ correction, + 2' 21" 

90° S. ^iP' - ^' 22" 

Befraction, - 33" 

Zenith dis. = 29° 56' 1" S. /^ 

Dec. =3 23° 24' 22" N. "^^ ^^ 



Lat. =- 6° 31' 39" S. 
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EXEECISE XIV. 



1. Ob8.alt. -62^36^ 0^'S. 

5^ 31^' 



Troealt - 62° 30^ 29^^ S. 

90° N. 



Zenith dia. 
Dec. 

Lat 



37° 29^ 31^^ N. 

- 16° 16^ 14'^ N. 

- 53° 45^ 46^^ N. 



Index correction, 

Dip. 
Refraction, 



23^^^ 
-4^23'^ 
- 46'^ 



2. Obs. alL 

True alt. 

Zenith dis. 
Dec. 

Lat. 



77° 18' lO^'' S. 
3^50^' 

77° 14' 20^' S. 
90° N^ 

12° 45' 40" N. 
6° 31' 20" N. 

18° 17' 0"N. 



Index correction, + 19" 
Dip. - 3' 55" 

Refraction, - 1' 13.5" 

- 3' 49.5" 



3. Obs. alt 

Trae alt. 

Zenith difl. 
Dec. 



36° 10' 20" N. 
3' 1" 



36° 
90° 


7' 19" N. 

S. 


53° 
19° 


52' 41" S. 
47' 33" N. 



Index correction, + 2' 42" 
Dip. _ 4' 23" 

Refraction, — 1' 20" 

-3' 1" 



Lat 



«35° 5' 8"S. 



4. Obfl. alt 

True alt. 

Zenith dis. 
Dec. 

Lat. 



66° 51' 10" N. 
3' 0" 



66° 
90° 


48' 10" N. 
S. 


23° 
8° 


11' 50" S. 
33' 49" N. 



Index corrrection, + 58" 
Dip, - 3' 32" 

Refraction, — 25.5" 

-3'0" 



14° 38' 1"S. 
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5. 


Obs. alt. 


-59<»4(K (K^N. 
4/ 4// 


Index correction, 

Dip, 

Befraction, 


H ^ H e\»» 




Trae alt. 

Zenith dis. 
Dec. 

Lat. 


= 59<> 35^ 56^^ N. 
90° S. 


V \2f^ 

- 4' 42" 

- 34" 




-30<>24^ 4^^ 
= SO*' 14^ 33^^ S. 


_4/ 4// 




« 60*» 38^ 37^^ S. 


t 


6. 


Ob8. alt. 


= 86*» 36' 50^' 
4' 38^' 


Index correction. 

Dip, 

Refraction, 






True alt. 


« 86° 3K 12^' 

90° S. 


- 1' 10" 

- 3' 24" 

- 4" 




Zenith dis. 
Dec. 


,= 3<»28M8''S. 
= 19° 47' 33'' N. 




- 4' 38" 




Lat. 


« 16° 18' 45" N. 






7. 


Obs. aR. 


= 54° 10' 15" S. 
4' 14" 


Index correction, 

Dip. 

Refraction, 


t\* i\tt 




Trae alt 

Zenith dis. 
Dec. 

Lat. 


= 54° 6' 1"S. 
90° N. 


+ 0' 0" 

- 3' 32" 

- 42" 




= 35° 53' 59" N. 
= 14° 34' 46" N. 






- 4"14" 




= 50° 28' 45" N. 




8. 


Obs. alt. 


= 59° 47' 13" S. 

5' 28" 







True alt. = 



Zenith dis. 
Dec. 

Lat. 



59° 


41' 


45" 


S. 


90° 






N. 


30° 


18' 15" 


N. 


59° 


48' 


36" 


S. 



Index correction, + 0' 0" 
Dip, - 4' 54" 

Refraction, - 34" 

- 5' 28" 



= 29° 30' 21" S. 
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9. Obs. alt. - 60« 29^ 5(K^ S. 

6^ 62^-^ 



True alt 

Zenith dis. 
Dec. 

Lat. 



60° 22^ 5S^^ S. 
90° N. 

29° 37^ 2'^N. 

- 22° 54' 38'^ N. 

- 62° 31' 40^' N. 



Index correction, 

Dip, 

Befraction, 



2' lO'' 
-4/ 9// 

- 33'' 

- 6' 62" 



la Obf.ali. 

Trne alt. 

Zenith dis. 
Dec. 



Lat. 



37° 60' 20" S. 
4' 27" 

37° 45' 53" S. 
90° N. 

52° 14' 7"N. 
-16° 33' 38" S. 

- 35° 40' 29" N. 



Index correction, + 1' 4'^ 
Dip, - 4' 16" 

Befraction, - 1' 15" 

-4' 27" 



11. Obfl. alt. 

Trne alt. 

Zenith dis. 
Dec. 

Lat. 



61° 3'50"N. 
4' 27" 

60° 59' 23" N. 
90° S. 

29° 0'37"S. 
- 16° 33' 38" S. 

- 45° 34' 15" S. 



Index correction, + 0' 0" 
Dip, - 3' 55" 

Refraction, - 32" 

-4' 27'^ 



12. Obs. alt. 

True alt. 

Zenith dis. 
Dec. 

Lat. 



52° 14' 0"N. 
5' 1" 

52° 8'59"N. 
90° S. 

37° 51' 1"S. 
- 10° 32' 59" 

-48° 24' 0"S. 



Index correction, + 0' 0" 
Dip, - 4' 16" 

Befraction, — 45" 

-5' 1" 
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13. Obs. alt. 

True alt. 

Zenith dis. 

Dec. 

Lat. 



70<» 10^ 30^' N. 

70° 5'40^^N. 

90^ S^ 

19° dV W S. 
26° 10^ W S. 
46° 4^33^^S. 



Index correction, + 0' 0'^ 
Dip, . - 4^ 29^^ 

Refraction, — 2,V' 

- 4^ W 



1. 



EXEECISE XV. 
d. h. 

0'8 dec. Oct. 18 0= 9°4r28''S. 

16^ 48^' 

"s. 

S. 




Di£f. for 1 h. - 54.56 

18.47 h. 
1007.72 = 16' 48'^ 

Obs. alt. - 28° 22' 30'' 

10' 48" 
True alt. =- 28° 33' 18" 

|)= 80° V^^ 
A= 28° 33' 18" 
Z,= 33° 27' 0" 

2^8^ )142° 
i8f= 71° 



Semi-diam., 
Parallax, 



+ 16' 6" 
+ 8" 



Index correction, + 30" 

Dip, 

Eefr action, 




ao 



- 4' 9" 

- 1'47" 

+ 10' 48" 



n 



^_^«i2= 42°27'4^*r' HI" 



0- hf 



log CSC p 

log sec L 
log cos S 



M 



= .0066^ 
= .07864 

= 9.512Ji&» 

log8in;Sf-A= 9.8293 

2 )19.426^»8s , ^ - 
log sin i< =- 9.71344 ^V 




}t-31° 7'^'.^ .-. < = 62°15' 

1 5)62° l\)' 14^-*^ ^ ^'^ 

4 h. 9 m.Xsec. before noon Oct. 19 = Oct. 18 19 h. 50 m. 5^ec. 

d. h. m. see. ^^ 

Oct. 18 19 50 5^ ^ 



5 



14 55 Equation of time. 

Local mean astronomical time. 



Oct. 18 19 36 
)ct. l8"'ll^ 28 33 Greenwich mean time. 
1 7 31 Difference of time. . 

15 • ^ 

16 52 4«wLongitude east. 
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Equation of time = 14-' 46^^ 

9^^ 



.471 X 19.84 h. - 14^ 55^^ 

d. li. n. MO. 

2. O'b dec. Oct. 19 = lO^ 3' 7^' 

Diflf. for 19 11 24= 17^ 2(y^ 



0*8 dec. Oct 19 19 11 24 = 10° 20^ 27'^ 

90° 



jp - 79° 39^ 33^-^ 

Semi-diam., +16'' 6'^ 

Parallax, + 8'^ 

Index correction, + 30^^ 
Dip, - 4^ 9^'' 

Refraction, - 1^22^-^ 

+ 11^ 13^'' 



log CSC j5 = .00711 

log sec X = .07001 

log cos 5 =. 9.45612 

logBin)Sf-A= 9.79032 

2 ) 1 9.32356 
log sin je = 9.66178 

J < = 27° 19' 13'^ .-. t = 54° 38' 26'-^. 

15 )54° 38' 26'' 

3 h. 38 m. 33 sec. before noon Oct. 20 

=. Oct. 19 20 h. 21m. 27 sec. which is app. astron. time. 

d. h. m. S6C. 

Oct. 19 20 21 27 

15 6 Equation of time. 

Oct. 19 20 6 21 Local mean astronomical time. 
Oct. 19 19 11 24 Greenwich mean time. 

54 57 Difference of time. 
15 



Diff. for 1 h. 


- 54.19 


• 


19.19 h. 




1039.9 = 17' 


Obs. alt. 


-35° 16' 10" 




11' 13" 


True alt. 


- 35° 27' 23" 


i>- 


79° 39' 33" 


A- 


35° 27' 23" 


Z- 


31° 40' 


2 SI 


146° 46' 56" 


S = 


73° 23' 28" 


8-h^ 


38° 6' 5". 



13 44 15 Longitude east. 



f 
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Equation - 14^ 57^' 

.446 X 20.36 h. = 9^' 

15^ 6^' 



3. O's dec. Oct. 20 - 10« 24^ 44^^ 

Difif. for 3 35 40= 3M3^^ 



O'b dec. Oct. 20 3 35 40 = 10° 27^ 57^^ 

90° 



;> = 79°32^ y^ 



Diff. forlh.-= 53.81 Semi-diam., +16^ 6^^ 

3.59 h. Parallax, + 8^' 

193 17 = 3^ 13^^ Index correction, + 29^^ 

Dip, - 4^ 9^^ 

Obs. alt. - 21° 42^ 30^^ Refraction, - 2^25^^ 



10^ 9^^ 

Truealt.= 21°52^39^^=A 



+ 10^ 9^^ 



p = 79° 32^ 3^'' log CSC j5 = .00728 

h= 21° 52^ 39^^ log sec X = .09148 

X= 30° 55^ log cos /S^ = 9.60650 

2/^ )132° 19M2^^ log8in;Sf-^= 9.84401 

S= 66° 9^51^^ 2 ) 19.54200 

S-h = B= 44° 17^ 12^''. log sin i « = 9.77100 

J < = 36° 10^ 17^^ /. t = 72° 20^ 34^^ 

1 5) 72° 20^ 34^^ 

4h. 49 m. 22 sec. past noon Oct. 20 

= Oct. 20 4h. 49 m. 22 sec. local app. astron. time. 

d. h. m. sec. 

Oct. 20 4 49 22 

15 10 Equation of time. 

Oct. 20 4 34 12 Local mean astronomical time. 
Oct. 20 3 35 40 Greenwich mean time. 



58 32 Diflference of time. 
15 



14° 38^0^^ Longitude east. 
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Equation of time — 15^ 8^' 
.420 X 4.86 h. - 2^ 

d. b. m. Me. 

0*8 dec. Oct. 20 0-10«24M4^' 
Diflf. for 18 30 39 = 16^ 36^-^ 

O'sdec. Oct20 18 30 39 - 10<> 4F 20^' 

90° 



Diff. for 1 h. - 63.81 
18.61 h. 



996.03 - 16^ 36^-^ 

Obs. alt. - 24° 26^ 42^' 
10^ 26^^ 



p = 79° 18' 40'-^ 






Semi-diam., 


+ 


16' 


6^' 


Parallax, 


+ 




8'' 


Index correction, 


+ 




29'' 


Dip, 


— 


4' 


9" 


Refraction, 


— 


2' 


8" 



+ 10' 26" 



Tme alt. - 24° 37' 8"-;i 

p - 79° 18' 40" log esc p = .00760 

h = 24° 37' 8" log sec L = .06066 

Z- 29° 36' log cos iS^ « 9.59620 

2/^ )133° 30' 48" logflin^-A= 9.82667 

8" 66° 45' 24" 2 )19.48353 

/8f ~ A =» 42° 8' 16". log Bin J e - 9.74176 

} t = 33° 29' 20". .-. t = 66° 58' 40". 

15) 66° 68' 40" 



4 h. 27 m. 64 sec. before noon Oct. 21 

« Oct. 20 19 h. 32 m. 6 sec. local app. astron. time. 

d. h. m. MO. 

Oct. 20 19 32 6 

15 16 Equation of time. 

Oct*. 20 19 16 50 Local mean astronomical time. 
Oct. 20 18 30 39 Greenwich mean time. 



46 11 Diflference of time. 
15 



11° 32' 45" Longitude east. 

Equation of time = 15' 8" 
.420 X 19.53 h. =_^ 8^ 

16' 16" 
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6. Dec. 1, 1881, chronometer slow, 11^ 22.3^^ 
Jan. 1, 1H82, cbronometer slow. 8^ V 

Change for 31 days, 3' 15.3'^ 

60 

31) 195.3 ^^(6.3^^ gaining in one day. 
186 
9.3 

Prom Jan. 1, 1882, to Jan. 29. 1882 - 28 daya. 
28 X 6.3^' - 166.4'' - 2M6'^ 

d. h. B. M*. 

Time by chronometer, Jan. 29 6 48 40 
Original error (Jan. 1), -*-^ "^ 

Jan. 29 6 56 47 
Rate gained, —2^^ 

Greenwich mean time, Jan. 29 6 54 1 

d. b. m. lec 

O's dec. Jan. 29 0- 17** 52' 24^^ 
Biff, for 6 52 1 « 4' 42'^ 

O's dec. Jan. 29 6 52 1- 17° 47' 42'' 

90° 

p = 107° 47' 42" 

Di£f.forlh.« 40.53" Semi-diam., +16' 16" 

6.98 h.. Parallax. + 9" 

— — ;; — :* .„,. Index correction, - 1' 8" 

282" -4' 42" j^.p^ _ 3,55,, 

Obs. alt. = 13° 40' Refraction, - 3' 55" 

7° 27' . 7/27// 

Tmealt.« 6° 13' -A 

p- 107° 47' 42" log CSC p « .02129 

A = 6° 13' ^^6 ^^ ^ " .13191 

j^ _^ 42° 26' ^^g ^^ ^ ■■ 9.30987 

• logsin/Sf-A- 9.97822 

2iS fn56°26'42" ^ • 

i8f= 78° 13' 21" 2)19.42129 

S_A = iJ = 72<'(K2V'. log 8in}t = 9.71064 
J i = 30° 54' W. .: t = 61» 48' 38". 
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4 h. 7 m. 14 sec. past noon Jan. 29 « Jan 29 4 h. 7 m. 14 sec. 



d. h. m. 

Jan. 29 4 7 14 Local apparent astronomical time. 

13 25 Equation of time. 

Jan. 29 4 20 39 Local mean astronomical time. 
Jan. 29 6 54 1 Greenwich mean time. 

2 33 22 Difference of time. 
15 



38<» 2Xy Z(y^ Longitude west. 

Equation of time - 13' 24'^ 
.422 X 4.23 h. - 1^ 

13' 25^' 



d. li. m. 

6. Nov. 20, 1881, chronometer fast, 58 58 

Dec. 31, 1881, chronometer fast, 1 2 55.8 

Change (from Nov. 20 to Dec. 31 - 41 days), 3 57.8 



60 



41 )237.8 

5.8 gain for 1 day. 

From Dec. 31 to March 30 «- 89 days. 
89 X 5.8 = 516.2 sec. - 8 m. 36 sec. 



d. h. ID. 800. 



Time by chronometer, March 31 4 50 
Original error, 1 3 55 

March 30 23 55 
Rate gained, 8 36 

Greenwich mean time, March 30 22 52 19 

d. h. m. MO. 

0's dec. March 30 0= 3« 50' 33'' 
Diff.for 23 9 31 ^ 22^ 18" 

O's dec. March 30 23 10 31= 4« 12' 51" 

90« 

j) = 85<»47' 9" 
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Diff. forlh.- 58.18 Semi-diam., +16' V 

23.18 h. Parallax, + ^" 



1348 = 22^^ 28>'^ 



Index correction, — 0' C 
Dip, - 5' ^f 



Obs. alt. - 29« 10' 20'' Kefraction, - 1' 44" 

^' ^^^' + 9' 26" 



True alt. « 29^ 19' 46" - K 

«« 85® 47' 9" log CSC ^ = .00118 

^=- 29®19'4&" log sec i = .04690 

Z,= 26° 9' logcosiSf - 9.52065 



2 /Sr )141® 15' 55" 



logsin/Sr-^- 9.81957 



i8^=. 70° 37' 57" 2)19.38830 

S-Ti^B^ 41° 18' 11". logsinji- 9.69415 

} < = 29° 38' 7". /. « = 59° 16' 14". 

15 )59° 16' 14" 

3 h. 57 m. 37 sec. before noon March 31 

= March 30 20 h. 2 m. 23 local app. astron. time, 

d. h. m. leo. 

March 30 20 2 23 

4 14 Equation of time. 

• 

March 30 20 6 37 Local mean astronomical time. 

March 30 22 53 19 Greenwich mean time. 

2 46 42 Difference of time. 
15 



41 40 30 Longitude west. 

Equation of time — 4' 30" 
.766 X 20.04 h. 16" 

4' 14" 



